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EXECUTIVE SUMMARY

A. OBJECTIVE

The objective of this study was to investigate the response of reinforced

soil systems subjected to blast loading and to assess the feasibility of using

reinforced soil to provide blast resistance. To meet this objective, a testing

program was developed and executed to accomplish the following: (i) to establish

the properties of reinforced soil subjected to blast loading, (ii) to develop

numerical and physical modeling techniques which are app~opriate for evaluating

the response of reinforced soil systems subjected to blast loading, and (iii) to

establish preliminary analysis methods which can be used for the design of

reinforced soil systems subjected to blast loading.

B. BACKGROUND

Blast-protective structures are commonly used by the United States Air Force

(USAF) and other branches of the armed forces to protect equipment, explosives,

_ and personnel from conventional weapons effects. These effects include high- 0

pressure impulse loading, projectile/fragment impact and penetration, and

cratering. Currently, these structures are constructed either as heavily-

reinforced concrete structures or as buried structures protected by a burster

slab. These protection measures are costly, time consuming to construct, and

sensitive to multiple strikes.

Soil has been used to increase the survivability of these structures by

providing a cover or barrier to reduce the shock, pressure, and impact on the

structures. However, soil berms must be built at relatively flat slopes (about

2.5 horizontal:1 vertical (2.5H:]V)) for adequate stability. Because of this,

the use of a soil cover or berm is restricted by the amount of land available for

construction and the logistics of moving large quantities of soil to the site.

The USAF has recently expressed interest in using reinforced soil in the

development of blast-protective structures. Reinforced soil is a composite

material made up of soil and high-tensile-strength materials such as steel or

iii
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geogrid. Soil alone has no tensile strength, and the reinforcement strengthens 0
the soil by confining it and restricting movement parallel to the reinforcement.

Incorporating reinforced soil structures in the development of blast-protective

structures can accomplish the followi-ig: (1) eliminate the use of heavily

reinforced concrete, (2) reduce volume of soil required for construction, (3)

reduce the amount of land space required, (4) reduce the construction time, (5)

simplify structural repair due to bomb damage as compared to reinforced concrete

structures, and (6) reduce initial cost of construction compared to other types

of structures.

To design blast-protective structures using reinforced soil, the dynamic

response characteristics and analytical theory of reinforced soil subjected to

Mlast loading must be established. Although a substantial amount of research has

been performed in the past decade to determine the properties of reinforced soil

under static loading condition, little work has been carried out to determine

reinforced soil properties or theory under blast loading conditions. Research

is therefore required to develop a better understanding of the response of

reinforced soil to blast loading. This report represents the first comprehensive

research effort conducted to understand the response of reinforced soil wall

systems subjected to blast loading.

C. SCOPE

A scope of work was developed to achieve the objectives outlined in Section

A. This scope of work includes the following:

" an extensive literature review for evaluation of soil and reinforced

soil response to blast loading and availability of soil constitutive

models and finite element numerical codes for analyzing reinforced soil

systems;

" development of laboratory dynamic soil testing equipment and a

laboratory testing program to 'valuate dynamic response of a reinforced

soil system subjected to blast (i.e.: impulse) loading;

iv

pS 0 0 00 0



. development and utilization of a numerical simulatio for analysis of

reinforced soil wall systems subjected to blast loading; and X;

0 physical modeling of reinforced soil systems subjected to blast loading

using centrifuge modeling.

Using this technical approach makes it possible to compare the different

analysis techniques and results, provide a quantitative assessment of the

properties of reinforced soil and reinforced soil systems subjected to blast

loading, and provide preliminary guidelines for selecting appropriate analysis

techniques for the design of reinforced soil systems for blast protection.

D. TEST DESCRIPTION

Laboratory testing, numerical modeling and physical modeling was conducted

to study the response of reinforced soil structures subjected to blast loading.

A brief description of each test is presented below.

Laboratory Tests: Laboratory strength tests were conducted on three types 0

of reinforcing systems: fiber-reinforced sands, geogrid-reinforced sands and

steel-reinforced sands. Triaxial tests were conducted on fiber-reinforced sand

to estimate thpl sand's strength properties. Static pullout tests were conducted

with both steel and geogrid reinforcement and sands under various confining

pressures to ch2racterize the static load--deflection behavior of the reinforced

soi I Dynamic puilout tests were then performed using the same parameters as the

static tests. A standard static pullout test box was modified to a dytiamic load

system by installing an impact beam, hydraulic cylinders, springs, and a trigger

system. The system was capable cf loading the sample in just a few micro-seconds

to simulate a blast load. Dynamic load-deflection behavior was characterized and

compared to that obtained from static testing.

Numerical Modeling: A numerical model was developed based on the computer

code DYNA3D, a non-linear, three --dimensional finite-element code developed by

the Lawrence Livermore National Labori ory for use in the analysis of dynamic

solid and structural mechanics problems A parametric study was conducted to

v
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observe the influence of several critical factors on the behavior of the

reinforced soil wall subjected to blast loading. These factors included

reinforcement strength, reinforcement length, weapon size, and weapon lccation.

4r4
Physical Modeling: Nine 1/30th scale model reinforced soil walls were

tested in the Air Force Civil Engineering Support Agency (AFCESA) centrifuge at

Tyndall Air Force Base, Florida. A parametric study was conducted to observe the

influence of several critical factors on the behavior of the model reinforced

soil walls subjected to blast loading. These factors included reinforcement

length, reinforcement type, reinforcement width, weapon location, and influence

of a roof slab on the structure.

E. CONCLUSIONS

A brief summary of results obtained from the laboratory testing, numerical

modeling, and physical modeling portions of the study are presented below.

Laboratory Testing Results: Results of triaxial testing on fiber-reinforced

sand indicate that soil strength, strain at failure and compressibility increase I 0
and stiffness decreases as fiber content increases. Results of the pullout

testing indicate that dynamic pullout behavior of geogrid in sznd, when measured

in terms of load vs. displacement, is very similar under constant normal stress

to that observed with standard pullout rates used for static design. The dynamic

pullout tests subjected the geogrid to a stress path siiuilar to that caused by

blast Ioading.

Numerical Modeling Results: Results of the numerical modeling program

indicate that soil stiffness and friction angle significantly affect was

performance, as does reinforcement stiffness. Reinforcement length and

soil/reinforcement interface friction coefficient are relatively less important

parameters, provided they are kept within ricrmal ranges for static stability.

Physical Modeling: Results of the physical modeling tests indicate that

reinforcement type and width play a significfit role in wall behavior. The

imp3rtance of a horizontal constraint along t'e top of the wa'' (i.e., a roof

vi
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I

slab) has also been demonstrated. Reproducibility of test results and similarity

-to numerical predictions provide evidence of the appropriateness of the

centrifuge modeling technique for this problem.

F. RECOMMENDATIONS

The results of limited laboratory, centrifuge modeling, and numerical

modeling tests conducted in this study indicate that statically designed

reinforced soil structures perform favorably as blast-protective structures. It

is recommended that the Air Force pursue a mere comprehensive study of the use

of reinforced soil structures for blast protection with the ultimate goal of

developing design procedures and design drawings for reinforced soil Structures.

This study should include full-scdle testing, a conprehensive series of

centrifuge tests, modifications to the numerical model, arid comprehensive

numerical modeling of the centrifuge tests. Ultiritely, studies should be

developed that investigate other weapons effects on reinforced soil structures

such as airblasts and projectile penetrations.

* 0
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I i APPENDIX A

LABORATORY TESTING

A.INTRODUCTION

This appendix contains plots of laboratory test results. The appendix is

organized as follows:

Part B presents results from direct shear tests on the SP and SW-SM

sands.

" Part C presents the results of static pullout tests on geogrids and

galvanized earth bars.

" Part D presents a verification of the numerical integration method used

to determine dynamic displacement-time histories for pullout tests.

"0
"* Part E contains results of dynamic uensile tests.

* Part F contains results of dynamic pullout tests.

B. DIRECT-SHEAR TESTS

Figures I and 2 present the results of direct-shear tests conducted on the

SP and SW-SM sands, respectively.
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Figure 1. Direct-Shear Test Results on SP Sand.
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Figure 2. Direct-Shear Test Results on SW SM Sand.
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C. STATIC PULLOUT TESTS

Figures 3 - 10 present the results of static pullout tests on Miragrid lOT,

Matrex 120 and Tensar UXI500 geogrid, and galvanized earth bars in SP sand. 4
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Figure 3. Pullout Responcas of Miragrid 101 Geogrid in SP Sand.
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Figure 4. Pullout Responses of Matrex 120 Geogrid in SP Sarid.
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Figure 5. Pullout Responses of Miragrid 101 Geogrid in SW SM Sand.
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Figure 6. Pullout Responses of Matrex 120 Geogrid in SW-SM Sand.
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Figure 7. Pullout Responses of Tensar IJXI500 Geogrid in SP Sand.
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Figure 8. Pullout Responses of Miragrid 101 Geogrid in SP Sand.
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Figure 9. Pullout Respornses of Mat-rex 120 Geogrid in SP Sand.
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Figure 10. Pullout Responses of Galvanized Earth in SP Sand.
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D. VERIFICATION OF THE NUMERICAL INTEGRATION METHOD
WU))

Figure 11 presents the assumed velocity-time history used to validate the

numerical integration method utilized for calculation of dynamic displacement-

time histories. Figure 12 presents a comparison of numerical and closed-form

integration of this velocity-time history.

0
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Figure 11. A Hypothetical Velocity Time History.

1

14

• • •• • • •• •0



ii

120--

110-
fI

100-

9o-

E 80-

.- 70-
z

S6 0 -
LU..

0 50-
a_
V)
E3 40-

30-

20- Closed-form solution
-- -- Numerical Integration (TRAPEZOID)

10

V, I
0 11- I - I 1 I I I I

0 50 100 150 200 250 300 350 400 450 500

TIME (ms)

Figure 12. Comparison of Numerical Integration and

Closed-Form Solution.
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E. DYNAMJC TENSILE TESTS

Figures 13 - 24 present the results of dynamic tensile tests 3n Miragrid dOl,

Matrex 120 and Tensar UX1500 geogrid.
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Figure 13. Measured Accelerdtion at Pulling End of Tensar IJX1500

Geogrid for Test Il].
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Figure 14. Measured Force at Puillng End of Tensar UX1500 Ge,"qrid

for Test DTI,
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4.0 TEST NO. DTI: DYNAMIC TENSILE TEST ON TENSAR
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Figure 15. Velocity Time History at Pulling End of Tensar UX1500

Geogrid for Test )til.
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Figure 16. Displacement Time History at Pulling End of Tensar

UX1500 Geogrid for lest DTI.
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Figure 17. Measured Acceleration at Pulling [nd of Miraorid 101

Geogrid for, lest [)12.
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Figure 16. Measured Force at Pulling Ena of Miragrgd lOT 'eogr`d

for Test DT2.
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Figure 19. Velocity Time History at P0lliny End of Miragrid 10T

Geogrid for Test DT2.
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TEST NO. DT2: DYNAMIC TENSILE TEST ON
50- MIFA(C;RAJD lOT GEOGRID
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Figure 20. Displacement Time History at Pulling End of Miragrid

lOT Geogrid for Test DT2.
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Figure 21. Measured Acceleration at Pul img End of Matrex 120

Geogrid for Test DT3.
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Figure e2. Measurcd Force at Pulling End of Tensar ,Matrex 120 Geogr~d

for Test DT3.
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Figure 23. Velocity Time History at Pulling End of Matrex 120

Geogrid for Test DT3.
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Figure 24. Displacement Time History at Pulling End of Matrex 120

Geogrid for Test DT3.
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*F. DYNAMIC PULLOUT TESTS
LNN)

Figures 25 - 92 present the results of all dynamic pullout tests conducted

on Miragrid IOT, Matrix 120 and Tensar UX1500 geogrid. A,
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TEST NO. DIA: TENSAR UX1bOO GEOGRCD IN SP SAND
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Figure 25. Measured Acceleration at Pulling End of Tensar UJXI500

Geogrid for Test DIA.
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Figure 26. Measmed Force at Pulling End of Tensar 01X500 Geogrid

for Test DiA.

31

0 1. 0 b• 0 0 0



I

3 3
SII) |

2.5

TEST NO, C1A: TENSAR UX1500 GEOGRID IN SP SAND
NORMAL STRESS 3.5 kIa

2.0

1.5

1.0

OC)

0 0
• o~ 0.5-

0.0 ... .. .tI
-0.5 -j /

-1 .0 -- V--E--T--f-l-- -7--r v -F --i-- - I I' ;" F •'T

O 50 10C 1C50 200 250 300 350 400 450 500

TIME (ms)

Figure 27. Velocity Time History at Pulling End of Tensar UX1500

Geogrid for Test DIA.
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Figure 28. Displacement Time History at Pulling Fnd of lensar UX1500

Geogrid fo,- lest DIA.
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Figure 29. Dynamic Pullout Response of Tensar UXI50O Geogrid

for Test DIA.
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figure 30. Measured Acceleration at Pullng End of Tensar UX1500

Geogrid for Test DIB.
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Figure 31. Measured Force at Pulling End of Tensar UX1500 Geogrid

for Test D13.
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Figure 32. Velocity Time Histor.v at Pulling End of Tensar UXI500

Geogrid for Test DIB.
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FPigure 33. Dispnlacemietst Tirne History at Pulling Eni of Tensar UX1500
Gew,,rid for Test Di9.
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45- TEST HO. D1E: TENSAR UX1500 GEOGRID IN EP SAND
NORMAL STRESS 24.2 kPo
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Figure 34. Dynamn;c Pullout Response of Tensar UX1500 Geogrid

for Test DIB.
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- NORMAL STRESS 38.0 kPo
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Figure 36. Measured Force at Pulling End of Tensar UX1500 Geogrid

for Test DIC.
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Figure 37. Velocity Time History at Pulling End of Tensar UX1500

Geogrid for Test DIC.
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Figure 38. Displacement Time History at Pulling End of Tensar UX15CO

Geogrid for Test. DIC.
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65- TEST NO. D1C: TENSAR UX1500 CEOGRID IN SP SAND
- NORMAL STRESS 38.0 kPa
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Figure 39. Dynanic Pullout Resp-rse of Tensar UX1500 Geogri-1

for lest Dr.'
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1000 TEST NO. DID: TENSAR UX1500 GEOCRID IN SP SAND
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figure 40. lHaasured Accel•e-'ation at Pulling End of Tensar UXI50C

Geogrid for lest DID.
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TEST NO. DiD: 1[NSAR UX1500 CEOGRID IN SP S7AND
ao- NORMAL STRESS 72.5 kPa
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TIME(i)

Figw-e 41. Measured Force at P'ulling End of Tensar 01500) (Geogrid
for "lest DID.
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&.C0 TEST NO, D1D: TENSAR UX15OC GEOGRID IN SP SAND
NORMAL STRESS 72.5 kPa
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Figure 42. Velocity Time History at Pulling End of Jensar UX1500

Geogrid for Test DiD.
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Figure 43. D[iplacement Time History at Pulling End of Tensar UXi500

Geogrid for Test DID.
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9 TEST NO. D1D: TENSAR UX1500 GEOGRID IN SP SAND
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Fitjure 44 DIynamic Pullout R~esponse of lensar 'JX1500 Geogrid

for lp•;t DID.
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90-1 TEST NO. D1: TENSAR UX1500 GEOGRID IN SP SAND

8o2,, = 3.5 kPo80- "•'.a,. = 24.2 kPa
------ •.= 38.0 RPa
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Figure 45. Dynamic Pullout Responses of Tensar UXI500 Geogrid

for Test DIA, DIB, DIC, arid DID.
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TES- N O. D2B: MIRAGRID IJOT GEOGRID IN SP SAND
.500 - NORMAL STRESS ,38.0 kPa
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Figure 46. Measured Acceleration at Pulling End of Mir'agrid IOT

Geogrid for Test D2B.
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TEST NO. D2D: MIRAGRID lOT GEOGRID IN SP SAND
NORMAL STRESS 38.0 kPa
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Figure 47. Measured Force at Pulling End of Miragrid 10T Geogrid

for Test 132B.
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Figure 48. Velocity Time History at Pulling End of Miragrid 1OT

Geogrid for Test D28.
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IfST NO. D2B: MIRAGRID 'CT GLOGRID IN SP SAND
90I-• NORMAL STRESS 38.0 kta
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Figure 49. Displacement ltme Iistory at Pulling End of Miragrid IOT

Geogrid for Test D2B.
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TEST NO. D2B: MIRAGRID lOT GEOGRID IN SP SAND
90 NORMAL.. SIRESS 38.0 kPa
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Figure 50. Dynamic Pullout Response of Miragrid 10T Geogrid

for Test D2B.
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TEST NO. D2C: MIRAGRID lOT GEOGRID IN SP SAND
1000- NORMAL STRESS 72.5 kPa

800-

600-

(n 400-

E
, -200-

LJ~- -200-

-400-

-1000 - 1 -- T IF - YI
0 50 100 150 200 250 300 350 400 450 500

TIME (ins)

Figure 51. Measured Acceleration at Pulling End of Miraqrid 10T

Geogrid for Test D2C.
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Figure 52. Measured Force at Pulling End of Miragrid 1OT Geogrid

for Test D2C.
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- TEST NO. D2C' MIRAGRID 1lOT GEOGRID IN SP SAND
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Figure 53. Velocity Time History at Pulling End of Miragrid lOT

Geogrid for Test D?C.
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TEST NO. D2C: MIRA0RID lOT GEOGRID IN SP SAND
90- NORMAL STRESS 72.5 kPac
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Figure 54. Displacement Time History at. Pulling End of Miragrid ]or

Geogrid for Test D2C.
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Figure 56. Dynamic Pullout Response of Miragrid ?OT Geogrid

for Test 02A, D2B, and DML.
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1000- TEST NO. D3A: MAIREX 120 GEOGRID IN SP SAND
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Figure 57. Measured Acceleration at Pulling End of Matrex 120
Geogrid for Test D3A.
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90- lEST NO. D3A: MATREX 120 GEOGRID IN SP SAND
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Figure 58. Measured Force at Pulling End of Matrex 120 Geogrid

for Test D3A.
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TEST NO. D3A: MATREX 120 GEOGRID IN SP SAND
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Figure 59. Velocity Time History at Pulling End of Matrex 120

Geogrid for Test D3A.
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Figure 60. Displacement Time History at Pulling End of Matrex 120

Geoqrid for Test D3A.
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Figure 51. Dynamic Pu;Iout Response of Matrex 120 Geogrid

for Test D3A.
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200- TEST NO. D36: MATREX `20 GE"GRID ;N SP SAND
NORMAL STRESS 38.0 kPa
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Figure 62. Measured Acceleration at Pulling End of Hat~rex 120

Geogrid for Test 03B.
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Figure 63. Measured Force at Pulling End .f Matrex 120 Geogrid

for Test D38.
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1.4 - TEST NO. D3B: MATREX 120 GEOGRID IN SP SAND
NORMAL STRESS ,38.0 kPa
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Figure 64. Velocity Time History at Pulling End of Matrex 120

Geogrid for Test D3B.
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Figure 65. Displacement Time History at Pulling End ot MItrex 120

Geogrid for Test D3B.
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Figure 66. Dynamic Pullout Response of Macrex 120 Geogrid

for Test D3B.
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Figure 57. Measured Acceleration at Pulling End of Matrex 120

Geogrid for Test W3C.
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Figure 68. Measured Force at Pulling End of Matrex 120 Geogrid

for Test D3C.
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Figure 69. Velocity Time History at PullIing Fn( )f Matrex 120

Geogrid for Test D3R.
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45- TEST NO. D3C: MATREX 120 GEOGRID IN SP SAND
_ NORMAL STRESS 51.8 kPo
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Figure 70. Displacement Time History at Pulling Er.d of Matrex 120

Geogrid for Test D3C.
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Figure 71. Dynamic Pullout Response of Matrex 120 Geogrid

for Test D3C.
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Figure 72. Measured Acceleraiion at Pulling End oa Matrex 120

Geogrid for Test D31).
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Figure 73. Measured Force at Pulling End of Matrex 120 Geogrid

for Test W3D.
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Figure 74. Velocity Time History at Pulling End of Matrex 120

Geogrid for Test D3D.
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Figure 75. Displacement Timne History at Pulling End of Matrex 120

Geogrid for Test D3D.
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Figure 76. Dynamic Pullout Response of Matrex 120 Geogrid

for Test M30.
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Figure 77. Dynamic Pullout Resoonse of M 'ex 120 Geogrid

for Test D3A, D3B, D3C and D3L.
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Figure 78. Measured Acceleration at Pulling End of Tensar UX1500

Geogrid for Test D4.
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Figure 79. Measured Force at Pulling End of Tensar UX1500 Geogrid

for Test D4.
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Figure 80. Velocity Time History at Pulling End of Tensar UXI500

Geogrid for Test D4.
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Figure 81. Displacement Time History at Pulling End of Tensdr UX1500

Geogrid for Test D4.
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Figure 82. Dynamic Pullout Response of lensar UXi500 Geogrid

for Test D4.
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Figure 83. Measured Acceleration at Pulling End of M,ragrid 10T

Geogrid for Test D5.
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Figure 85, Velocity Time History at Pulling End of Miragrid lOT

Geogrid for Test D5.
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Figure 86. Displacement Time History at Pulling End of Miragrid lOT

Geogrid for Test D5.
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Figure 87. Dynamic Pullout Response of Miragrid 10T Geogrid

for Test D5.
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Figure 88. Measured Acceleration at Pulling End of Matrex 120

Geogrid for Test D6.
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Figure 89. Measured Force at Pulling End of Matrex 120 Geogrid

for Test D6.
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Figure 90. Velocity Time History at Pulling End of Matrex 120

Geogrid for Test D6.
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Figure 91. Displacement Time History at Pulling End of Matrex 120

Geogrid for Test D6.
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APPENDIX B

NUMERICAL MODELING

A. INTRODUCTION

This appendix centains example input files 'or the computer codes INGRID (the

pre-processor for DYNA3D) and DYNA3D, as well as figures showing deformed meshes

from each analysis.

The example input file for INGRID, presented below in Part B, is annotated

and contains the input data for the base analysis, PSI. The units used are

meters, kilograms and seconds. The output file produced by INGRID is the DYNA3D

input file presented in Section C. This file is also annotated with comments

produced by INGRID and additional comments added by the authors. The portions

of the DYNA3D input file needed for analysis PSI, but not produced by INGRID, arc

clearly marked out by comments. To reduce the length of the listing, only a few

l 4nes of node and element data are shown. Section D presents figures showing

the deformed mesh shape at the end of each analysis described in Volume 1.

I

II
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B. EXAMPLE OF INGRID INPUT FILE

The following listing is an exan'ple of an INGRID input file.

All lines beginning with a "c" are comments. Lower case letters

are used for, all INGRID input except comments. INGRID files should

not begin with a comment: the first line listed below is the title

to be used for the DYNA3D Input file that INGRID will generate.

parametric study - base input file (p'lane strain)
c

c ... identify computer C.ode for which data are being prepa:ed
c
dn3d
c
c . termination time for the DYNA analysis

Cterm 0.03
c
c ... time interval oetween writes of state plot data
c
plti 0.040
c
c .. time interval between writes of time history plot data
c
prti 0.040
c
c .. gravity acceleration vector
c
gray 0. 0. 9.81
C
c ... for mass proportional damping add alpha-x directly into card 8 of
c DYNA3D inpit file since INGRID can't generate rayleigh damping data.
c
c ... define type of sliding interface, static and dynamic friction coeff.
c NOTE: the 10/17/89 version of INGRID w;ll perform this
c command correctly: the 6/27/91 version only puts the dynamic
c friction coeff into tiie DYNA input file, the static coeff must be input
c by hand
c
si I sv fric 0.9 kfric 0.9;
si 2 sv fric 0.9 kfric 0.9:
si 3 sv fric 0.9 kfric 0.9:
si 4 sv fric 0.9 kfric 0.9;
si 5 sv frlc 0.9 kfric 0I9;
si 6 sv fric 0.9 kfric 0.9;
si 7 sv fric 0.9 kfric 0.9;
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i i
si 8 sv fric 0.9 kfric 0.9:
Si 9 sv fric 0.9 kfric 0.9;
si 10 sv fric 0.9 kfric 0.9;
si 11 sv fric 0.9 kfric 0.9; 9
si 12 sv fric 0.9 kfric 0. 9
si 13 tied;
si 14 sv fric 1.5 kfric 1.5;
si 15 sv fric 1.5 kfric 1.5:
si 16 sv fric 1.5 kfric 1.5;
si 17 sv fric 1.5 kfric 1.5;
si 18 sv fric 1.5 kfric 1.5;
si 19 tied;
si 20 tied;
si 21 tied;
si 22 tied;
si 23 tied;
si 24 tied;
si 25 sv fric 0.7 kfric 0.7;
si 26 sv fric 0.7 kfric 0.7;
si 27 sv fric 0.7 kfric 0.7;
si 28 sv fric 0.7 kfric 0.7;
si 29 sv fric 0.7 kfric 0.7;
si 30 sv fric 0.7 kfric 0.7;
si 31 sv fric 0.0 kfric 0.0;
si 32 sv fric 1.5 kfric 1.5:
si 33 sv fric 1.5 kfric 1.5;
c
c ... define two planes of symmetry
c
plane 2 0. 0.0 0. 0. -1. 0. 0.005 symm

0. 0.1 0. 0. 1. 0. 0.005 symm
c
c ... define gravity loading time history
c
Icd 1 5
0.0 0.0
0.02 0.1
0.06 0.9
0.08 1.0
10.00 1.0
c
c ... define velocity time history for blast .imulation, one for each node
c
lcd 2 11

O.OOOE+00 O.OOOE+00
0.839E-01 O.OOOE+00
0.849E-01 0.100E-.01
0.889E-01 0.886E+00
0.939E-01 0.781E+00
0.104E+00 0.599E+00
0.134E+00 0.221E+00
0.184E+00 -0.059E+00
0.284E+00 -0.127E+00
0.500E+00 0 OOOE+00
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I

Amok

0.200E+01 O.OOOE+00
U, lcd 3 11

O.OO0E+00 0.000E+00
0.830E-01 O.OCOE+00
0.839E-01 0.100E+01
0.820E-01 0.874E+00
0.930E-01 0.760E+00
0.103E+00 0.564E+00
0.133E+00 0.174E+00
0.183E+00 -0.865E-01
0.283E+00 -1.165E-01
0.500E+O0 O.OOOE+O0
0.200E+01 O.OOOE+O0

lcd 4 11
O.OOOE+00 O.OOOE+00
0.821E-01 O.OOOE+00
0.829E-01 0.100E+01
0.871E-01 0.860E+00
0.921E-01 0.736E-:00
O.102E+O0 0.525E+00
0.132E+00 0,126E+00
0.182E+00 -1.086E-01
0.282E+00 -1.021E-01
0.500E+O0 O.O00E+O0
0.200E+01 O.OOOE+O0

Icd 5 11
O.OOOE+O0 O.OOOE+O0
0.817E-O1 O.OOOE+00
0.824E-01 0.100E+01
0.867E-0] 0.853E+00
0.917F-01 0.723E+00
0.102E+00 0.505E+00
0.132E+00 0.121E+00
0.182E+00 -1.171E-01
0.282E+00 -9.420E-02
0.500E+O0 O.OOOE+O0
0o.200E+01 O.O00E+O0

lcd 6 11
O.OOOE+O0 O.OOOE+O0
0.814E-01 O.OOOE+O0
0.821E-01 0.100E+O1
O.864E-O1 0.848E+00
0.914E-01 0.714E400
0.10iE+00 0.491E+00
0.131E+00 0.870E-01
O.181E+O0 -1.220E-01
0.281E+00 -8.860E-02
O.500E+O0 O.OOOE+OO
0.200E+01 O.OOOE+O0

lcd 7 11
O.O00E+O0 O.OOO[+OO
0.813E-01 O.OOOE+O0
0 820E 01 O.100E+01
0.863E 01 0.840,fCO
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0.913E-01 0.710E400
0.I1OE+00 0.484E+00
0.131E+00 0.798E-01
0.181E+00 -1.240E-01
0.281E+00 -8.600E-02

0.500E+00 0.OOOE+00
0.200E+01 0.OOOE+00

Icd 8 11
0.000E+00 0.OOOE+00
0.811E-01 O.OOOE+00
0.818E-01 0.100E+01
0.861E-01 0.843E+00
0.911E-01 0.704E+00
0.101E+00 0.476E+00
0.131E+00 0.707E-01
0.181E+00 -1.263E-01
0.281E+00 -8.260E-02
0.500E+00 O.OOOE+00
0.200E+O1 0 O00E+O0

lcd 9 11
O.OOOE+00 O.OOOE+00
0.810E-01 0.OOOE+00
0.817E-01 0.100E+01
0.860E-01 0.840E+00
0.910E-01 0.700E+00
0.101E+00 0.470E+00
0.131E+00 0.640E-01
0.181E+00 -1.279E-01 00.28iE+00 -8.010E-02
0.500E+00 0.OOOE+00
0.200E+01 0.OOOE+00

Icd 10 11
O.OOOE+00 O.OOOE+00
0.808E-01 0.OOOE+00
0.815E-01 0.i00E+01
0.858E-01 0-836E+00
0.90SE-01 0.692E+00
0.101E+00 0.457E+00
0.131E+00 0.507E-01
0.181E+00 -1.306E-01
0.281E+00 -7.490E-02
0.500E+00 0.OOOE+CO
0.200E+01 0.OOOE+0o

lcd 11 11
0.OOOE+00 0.OOOE+00
0.806E-01 0.OOOE+00
0.813E-01 0.100E+o1
0.856E-01 0.831E+00
0,906E-0] 0.683E+00
OAO1E+O0 0.444[400
0.131E+00 0.386F-01
O181E+O0 1,3?5E-O1
0.281E+00 -7.020E 02
C.500E+CO 0.000E+Ou
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S 0.200E+01 O.O00E+O0
a, lcd 12 11

O.OOOE+00 O.OOOE+OC
0.8U5E-01 O.OOOE+O0
0.812E-01 O.IOOE+01
0.855E-01 0.829E+00
0.905E-01 0.680E+00
O.I01E+00 0,439E+00
0.131E+O0 0.334E-01
0.181E+00 -1.332E-01
0.281E+00 -6.820E-02
0.500E+O0 O.OOOE+O0
0.200E+01 0.O00E+00

lcd 13 11
O.OOOE+O0 O.OOOF-00
0.804E-01 O.OOOE+UO
0.810E-01 O,I00E+01
0.854E-01 0.826E+00
0.904E-01 0,675E+00
C.100E+00 0.432E+00
0.130E+00 0.271E-01
0.180E+O0 -1.339E-01
0.280E+00 -6.570E-02
0.500E+00 O.OOOE+O0
0.200E+01 O.O00EO00

Icd 14 11
O.OOOE400 O.OOOE+O0

* 0.803E-01 O.OOOE+00
0.810E-01 0.100E+01
0.b53E-01 0.824E+00
0.903E-01 0,6 7 2E+00
0.109E+00 0.428E+00
0.130E+00 0.226E-01
0,180F+00 -1.343E-01
9.280E+00 -6.390E-02
0.500E+00 O.OOOE+00
0.200E+-01 O.OOOE+00
lcd 15 Ii
0.O00E+00 0.OOOE+00
0.802E 01 0.000[+00
0.808F-01 0.I00[+01
0.852E-01 0.821E+00
0.902E-01 0.666E+00
0.100F+00 0.419f+00
0.130E+00 0.146F O1
0.18O 400 1.3491 01
0.280f+00 -5.08O.02
0.500[+00 0. '00F[+00
0.20.401 0 000[+00

lcd 16 11
) 000. O 00 .000[ f 00
0.801[ 01 0.000() ()00
().8011-01 0.1lO +01
0 8 1 01 0 818 +00
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0901E-01 0.662E+00
0O.100E+00 0.412E+00
0.130E+00 0.840E-02
0.180E-,0lv -I.352E-01
0.280E+00 -5.830E-02
0.500E+00 O.OOOE+0O
0.200E+01 O.OOOE+00

'cd 17 11
).00OE+O0 O.OOOE+00
0.801E-01 O.OOOE+00
C.807E-01 0.100E+01
0.851E-01 O817E+00
0.901E-01 0.660E+00
0.100E+00 0.409E+00
0.130E+00 0.620E-02
0.180E+00 -1.353E-01
0.280E+00 -5.740E-02
O.500E+00 O.OOOE+0O
0.200E+01 O.OOOE+O0

Icd 18 11
O.OOOE+00 O.OOOE+0O
O.OOE-01 O.OOOE+O0
0.806E-01 0.100E+01
0.850E-01 0.816E+00
09DOE-01 0.658E+00
0O100E+00 0.407E+00
0.130E+00 0.390E-02
0.180E+00 -1.353E-01
0.280E+00 -5.650E-02
0.500E+00 O.OOOE+00
0.200E+01 O.OOOE+O0

lcd 1q 11
O.O00E+00 0.O00E+00
U.800E-01 O.OOOE+00
0.806E-01 0.100E+01
0.850E-01 Oi16E+O0
0.900E-01 0.657E+00
0.100E+00 0-405E+00
0.130E+00 0.270E-02
0.180E+00 -1.353E-01
0.280E+00 -5.600E-02
0.500E+00 O.OOOE+00
0.200E+01 OOO0E+O0

lcd 20 11
O.OOOE+00 O.OOOE+00
0.800E-01 0.00OF+00
0.806E-01 0.100E+01
0.850E-01 0.815E+00
0.900E-01 0.656E+00
0.10OE00 0.404E+00
0.130E+00 0.160E-02
0.180E+00 -1.353E-01
0.280E+00 -5.560E-02
0.500E+00 0.O00E+00
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0.200E+01 O.O00E+O0

Icd 21 11 3
O.OOOE+O0 O.OOOE+O0
0.800E-01 O.OOOE+O0
0.806E-01 O.100E+O1
0.850E-01 0.816E+00
0.900E-01 0.657E+00
O.100E+O0 0.405E+00
0.130E+00 0.270E-02
O.180E+O0 -1.353E-01
0.280E+00 -5.600E-02
0.500E+O0 O.OOOE+O0
0.200E+01 O.OOOE+O0

Ica 22 11
O.O00E+O0 O.OOOE+O0
0.800E-01 O.OOOE+O0
0.806E-01 0.100E+01
0.850E-01 0.816E+00
0.900E-01 0.658E+00
O.IOOE+O0 0.407E+00
0.130E+00 0.390E-02
0.180E+00 -I.353Er-01
0.280E+00 -5.650E-02
O.500E+O0 O.OOOE+OO
0.200E+01 O.OOOE+O0

Icd 23 11
O.OOOE+O0 O.O00E+O0
0.801E-01 O.O00E+O0
0.807E-01 0.100E+01
0.851E-01 0.817E+00
0.901E-01 0.660E+00
C.100E+O0 0.409E+00
0.130E+00 0.620E-02
0.180E+00 -1.353E-01
0.280E+00 -5.740E-02
O.500E+O0 O.OOOE+O0
0.200E+01 O.OOOE+O0

Icd 24 11
O.O00E+O0 O.OOOE+O0
0.801E-01 O.OOOE+O0
0.807E-01 0.100E+01
0.851E-01 0.818E+00
0.901E-01 0.662E+00
O.1OOEO0 0.412[+00
0.130E+00 0.840E-02
0 180E+00 -1352E-01
0.280E00 -5 .30E-02
O.500Et-00 O.OOOE+O0
0.200E+01 O.O00E400

Icd 25 11
O.OOOE+O0 C.O00E+O0
0.802E-01 O.OOOE+O0
0.808E-01 O.!OOE+O'
0.852E-01 0821r+00
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0.902E-01 0 666E+00
O.IOOE+00 0.419E+00 X)
0.130E+00 0.1.46[-O1
0.180E+C0 -1.349E-01
0.280E+00 -6.080E-02 V
0.500E+00 O.OOOE+O0
0.200E+01 O.OOOE+00

lcd 26 11
O.O00E+00 O.O00E+00
0,803E-01 O.OOOE+03
O.810E-O1 0.100E+Oi
0.853E-01 0.824E+00
0.903E-01 0.672E+00
0.100E+O0 0.428E+00
0.130E+00 0.226E-01
0.180E+O0 -1.343E-01
0.280E+00 -6.390E-02
0.500E+00 0.0001+O0
0.200E+01 O.O00E+00

Icd 2' 11
O.OOOE+O0 O.OO0E+00
0.804E-01 O.OOOE+00
0.810E-01 0.100E+01
0.854E-01 0.826E+00
0.904E-01 0.675E+00
0.100E+00 0.432E+00
0.130E+00 0.271E-01
0.180E+00 -1.339E-01 0
0.280E+00 -6.570E,02
0.500E+00 O.OOOE+O0
0,200E+01 O.OOOE+00

Icd 28 11
O.OOOE+00 O.OOOE+00
0.805E-01 O.O00E+00
0.812E-01 0.100E+01
0.855E-01 0.829E+00
0.905E-01 0.680E+00
0.101E+00 0.439[+00
0.131E+00 0.334E-01
0.181E+00 -1.332E-01
0.281E+00 -6.820E-09
0.500E+00 O.OOOE+O0
0.200E+01 O.OOOE±00

Icd 29 11
O.OOOE+O0 O.OOOE+00
0.806E-01 O.OO0E+00
0,813E-01 0.100E+01
0.856E-01 0.831E+00
0.906E-01 0.683E+00
0.I1OE+00 0.444E+00
0.131E+00 0.386E-01
0.181E+00 -1.325E-01
0.281E+00 7.020E-02
0.SO)•+00 O O00E+00

0106



0.200E+01 0.OOOE+0O
Icd 30 11

O.OOOE+0O O.OOOE+O0 O
0.808E-01 O.OOOE+O0
0.815E-01 O.100EE+O1
0.858E-01 0,836E+00
0.908E-01 0.692E+00
0.I01E+00 0.457E+00
0.131E+O0 0.507E-01
O.161E+00 -1.306E-01
0.281E+00 -7.490E-.02
0.500E+00 O.OOOE+00
0.200E+01 O.OOOE+00

lcd 31 11
O.OOOE+U0 O.OOOEtO0
0.810E-01 O.OOOE+0C
0.817E-01 0.IOOE+01
0.860E-01 0.840E+00
0.910E-01 0.700E+00
0.101E+00 0.470E+00
0.131E+00 0.640E-01
0.181E+00 -1.279E-01
0.281E+00 -8.010E-02
0.500E+O0 O.OOOE+00
0.200E+01 O.OOOE+O0

Icd 32 11
O.OOOE+00 O.O00E+00
0.811E-01 O.OOOE+O0 0
0.818E-01 0.IOOE+01
0.861E-01 0.843E+00
0.911E-01 0.704E+00
0.1O1E+O0 0.476E+00
0.131E+00 0.707E-01
0.181E+00 -1.263E-01
0.281E+00 -8.260E-02
0.50OE+00 O.OOOE+00
0.200E+01 O.OOOE+O0

lcd 33 11
O.OOOE+O0 O.OOOE+00
0.813E-01 O.OOOE+Q0
0.820E-01 0.1OOE+01 0
0.861E-01 O.b 6E+00
0.913E-01 0.7.)E+00
0.1O1E+00 0.4ý.4E+00
0.131E+00 0.793E-01
0.181E+00 -1.240E-01
0.281E+00 -8.600E-02
0.500F+00 O.OOOE+00
0.200F+01 O.O00E400

Icd 34 !i
O.OOOE+00 0,O00E+00
).814E-01 O.000E+00
0.821E-01 0.100E401
0.864E-01 0.848E400

107

S 0 0 0 8 0 0



i
0.91AE-O1 0.1IAF+00 X)

0. 101E,.0) 0.491E+00
0.131E+00 0.87OE-01
0.181E+00 -i.220E-01
O.2M2E+00 -8.860E-02
0.500E+O0 O.O00E+O0
0,200E+01 O.O00E+00

lcd 35 11
O.OOOE+00 0 OOOE+00
0.817E-01 O.O00E+00
0.824E-01 O.IOOE+01
0.867E-01 0.853E+00
0.917E-01 0.723E+00
0.102E+00 0.505E+00
0.132E.+00 0.121E+00
0.182E+00 -I.171E-01
0.282E+00 -9.420E-02
0.500E+00 O.O00E+00
0.200E+01 O.OOOE+00

C
c.. Information for part 1

start
c
c ... Define index space for base soil
c
1 10 11 12 27; 1 2; 1 2 3 4 5;
0. 2.7 2.85 3.0 7.5
0. 0.10
0. 0.6 1.2 1.80 2.10 --

C
c ... define boundary conditions on bottom
C
b 1 1 1 5 2 1 101000
C
c ... place nonrefle-ting boundary at left hand side
c
nri -1; 1 2; 1 5;
c
c ... define master surface between base and bottom facing element
c
sii- 1 5; 1 2; -5; 32 m 8. 0. 0.
c
c ... define material used in part I
c
mate 1
c

c ... end definition of part 1
c
end
C
c ... Information for part 2
c
start
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C
X)c ... define index. space for reinforced soil above and below reinforcement IX)

c 0

1 16; 1 2; 1 2 3 4 0 6 7 8 9 10 11 12 0 14 15 16 17 18 19 20 0
22 23 24 25 26 27 28 0 30 31 32 33 34 35 36 0 38 39 40 41 42 43 44 0 46
47 48 49:
3.0 7.5
0. 0.1
2.10 2.31 2.41 2.4625 2.4625 2.4875 2.54 2.64 2.85 3.06 0
3.16 3.2125 3.2125 3.2375 3.29 3.39 3.6 3.81 3.91 3.9625
3.9625 3.9875 4.04 4.14 4.35 4.56 4.66 4.7125 4.7125 4.7375
4.79 4.89 5.1 5.31 5.41 5.4625 5.4625 5.4875 5.54 5.64 5.85
6.06 6.16 6.2125 6.2125 6.2375 6.29 6,39 6.6
c
c ... define slave surface for sliding between soil and wall
c
sii- -1; 1 2; 1 9; 25 s 8. 0.05 4.
sii- -1; 1 2; 9 17; 26 s 8. 0.05 4.
sii- -1: 1 2; 17 25; 27 s 8. 0.05 4.
sii- -1: 1 2; 25 33; 28 s 8. 0.05 4.
sii- -1; 1 2: 33 41; 29 s 8. 0.05 4.
sii- -1; 1 2; 41 49; 30 s 8. 0.05 4.
c
c ... define master surface between soil and reinforcement
c
sii- 1 2; 1 2: -4: 1 m 5. 0.05 0.
sii- 1 2; 1 2; -6; 2 m 5. 0.05 10.
sii- 1 2; 1 2; -12: 3 m 5. 0.05 0. I S
sii- 1 2; 1 2; -14: 4 m 5. 0.05 10.
sii- 1 2: 1 2; -20; 5 m 5. 0.05 0.
sii- 1 2; 2 2; -22; 6 m 5. 0.05 10.
sii- 1 2; 1 2: -28; 7 m 5. 0.05 0.
sii- 1 2: 1 2: -30: 8 m 5. 0.05 10
sii- 1 2; 1 2; -36: 9 m 5. 0.05 0.
sii- 1 2; 1 2; -38; 10 m 5. 0.05 10.
sii- 1 2; 1 2; -44: 11 m 5. 0.05 0.
sii- 1 2; 1 2; -46; 12 m 5. 0.05 10.
c
c define slave interface tied with soil to right
c
sii+ -2; 1 2; 1 49; 13 s 10. 0.05 4.

C
c ... define sliding interface with roof
c
sii- 1 2d 1 2: -49; 33 s 5. 0.05 pr
c
c ... define material used in part 2
c

mate I
C
c ... end definition of part 2
C

end
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c ... Information for part 3
X) c X)

start
C

i c ... define index space for reinforcement
C
1 31; 1 2; 1 4 0 6 9 0 11 14 0 16 19 0 21 24 0 26 29;
3.0 7.5
0. 0.1
2.4625 2.4875 2.4875 3.2125 3.2375 3.2375 3.9625 3.9875 3.9875
4.7125 4.7375 4.7375 5.4625 5.4875 5.4875 6.2125 6.2375
C
c ... define slave surface between reinforcement and soil
c
sii- 1 2; 1 2; -1; 1 s 5. 0.05 10.
sii- 1 2; 1 2; -2; 2 s 5. 0.05 0.
sii- 1 2; 1 2; -4; 3 s 5. 0.05 10.
sli- 1 2; 1 2; -5: 4 s 5. 0.05 0.
sii- 1 2; 1 2; -7: 5 s 5. 0.05 10.
sii- 1 2; 1 2; -8; 6 s 5. 0.05 0.
sii- 1 2; 1 2; -10: 7 s 5. 0.05 10.
sii- 1 2; 1 2; -11; 8 s 5. 0.05 0
sli- 1 2; 1 2; -13; 9 s 5. 0.05 10.
sii- 1 2; 1 2: -14; 10 s 5. 0.05 0.
sli- 1 2; 1 2: -16; 11 s 5. 0.05 10.
Sii- 1 2; 1 2; -17; 12 S 5. 0.05 0.
c
c ... define slave surface tied between reinforcement and wall 0
c
sii+ -1; 1 2; ] 2; 19 s 0. 0.05 4.
sii+ -1; 1 2; 4 5; 20 s 0. 0.05 4.
sii+ -1; 1 2; 7 8; 21 s 0. 0.05 4.
sii+ -1: 1 2; 10 11; 22 s 0. 0.05 4.
sii+ -1; 1 2; 13 14: 23 s 0. 0.05 4.
sii+ -1; 1 2; 16 17; 24 s 0. 0.05 4.
c
c ... define material used in part 3
C
mate 2
c
c ... end definition of part 3
c
end
c
c ... Information for part 4
c
start
c
c ... define index space for soil to right of reinforcment
c
1 6: 1 2: 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35;
7.5 8.0 0

0. 0.1
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" ~0

0. 0.6 1.2 1.80 2.10 2.31 2.41 2.54 2.64 2.85 3.06 3.16
M) 3.29 3.39 3.60 3.81 3.91 4.04 4.14 4.35 4.56 4.66 4.79 4.89

5.10 5.31 5.41 5.54 5.64 5.85 6.06 6.16 6.29 6.39 6.6 0

C
c ... define boundary condition at bottom
c
b 1 1 1 2 2 1 101000
c
c ... define master surfaces with soil to left
c
sii+ -1; 1 2; 5 35; 13 m 0. 0.05 4.
c
c ... define slave surface with rigid body to right
C
sii- -2; 1 2; 1 35; 31 s 0. 0. 4.
c
c ... define velocity loading
C
fv 2 1 2 2 2 2 2 2.270e+00 -1.00 0.00 0.
fv 2 1 3 2 2 3 3 3.226e+00 -1.00 0.00 0.
fv 2 1 4 2 2 4 4 4.591e+00 -1.00 0.00 0.
fv 2 1 5 2 2 5 5 5.453e+00 -1.00 0.00 0.
fv 2 1 6 2 2 6 6 6.128e+00 -1.00 0.00 0.
fv 2 1 7 2 2 7 7 6.468e+00 -1.00 0.00 0.
fv 2 1 8 2 2 8 8 6.927e+00 -1.00 0.00 0.
fv 2 1 9 2 2 9 9 7.290e+00 -1.00 0.00 0.
fv 2 1 10 2 2 10 10 8.075e+00 -1.00 0.00 0.
fv 2 1 11 2 2 11 11 8.869e+00 -1.00 0.00 0. 0

0 fv 2 1 12 2 2 12 12 9.242e+00 -1.00 0.00 0.
fv 2 1 13 2 2 13 13 9.715e+00 -1.00 0.00 0.
fv 2 1 14 2 2 14 14 1.006e+01 -1.00 0.00 0.
fv 2 1 15 2 2 15 15 1.073e+01 -1.00 0.00 0.
fv 2 1 16 2 2 16 16 1.129e+01 -1.00 0.00 0.
fv 2 1 17 2 2 17 17 1.150e+01 -1.00 0.00 0.
fv 2 1 18 2 2 18 18 1.171e+01 -1.00 0.00 0.
fv 2 1 19 2 2 19 19 1.183e+01 -1.00 0.00 0.
fv 2 1 20 2 2 20 20 1.193e+01 -1.00 0.00 0.
fv 2 1 21 2 2 21 21 1.183e+01 -1.00 0.00 0.
fv 2 1 22 2 2 22 22 1.171e+01 -1.00 0.00 0.
fv 2 1 23 2 2 23 23 1.150e+01 -1.00 0.00 0.
fv 2 1 24 2 2 24 24 1.129e+01 -1.00 0.00 0.
fv 2 1 25 2 2 25 25 1.073e+01 -1.00 0.00 0.
fv 2 1 26 2 2 26 26 1.006e+01 -1.00 0.00 0.
fv 2 1 27 2 2 27 27 9.715e+00 -1.00 0.00 0.
fv 2 1 28 2 2 28 28 9.242e+00 -1.00 000 0.
fv 2 1 29 2 2 29 29 8.869e+00 -1.00 0.00 0.
fv 2 1 30 2 2 30 30 8.075e+00 -1.00 0.00 0.
fv 2 1 31 2 2 31 31 7.290e+00 -1.00 0.00 0.
fv 2 1 32 2 2 32 32 6.927e+00 -1.00 0.00 0.
fv 2 1 33 2 2 33 33 6.468e+00 -1.00 0.00 0.
fv 2 1 34 2 2 34 34 6.128e+00 .1.00 0.00 0.
fv 2 1 35 2 2 35 35 5.453e+00 -1.00 0.00 0.
C
c ... define material used for part 4
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mate 1
c
c.. end definition of part 4

end

S ~c
C

c ... Information for part 5a
c
start
c
c define index space for concrete facing bottom element (block)
C
1 3; 1 2; 1 4;
2.85 3.0
0. 0.1
2.10 2.85
c
c ... define slave surface under concrete wall
c
sii- 1 2; 1 2: -1: 1 s 3. 0.05 10.
c
c define master surface at top of element
c
sii- 1 2: 1 2: -2; 14 m 3. 0.05 0.
c
c ... define master surface with reinforcement
c 0
sii+ -2; 1 2; 1 2; 19 m 10. 0.05 4.
C
c ... define slave surface under concrete wall
c
sii- 1 2; 1 2; -1. 32 s 3. 0-05 10.
c
c ... define master surface between wall and soil elements
c
sii- -2: 1 2; 1 2; 25 m 0. 0.05 4.
c
c ... define material used for part 53
C
mate 3
c
c ... end definition of part 5a
c
end
c
c ... Information for part 5b
c
start
c
c ... define index space for concrete facing bottom element + I
c
1 3; 1 2: 1 4;
2,85 3,0
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Ja

0. 0.1 X)
2.85 3.60
c
c .. define slave surface at bottom of element

4 C
sii- I 2; 1 2; .1; 14 s 3. 0.05 10.
c
c ... define master surface at top of element
c
sii- 1 2; 1 2: -2; 15 m 3, 0.05 0.
c
c ... define master surface with reinforcement
C
sii+ -2; 1 2; 1 2; 20 m 10. 0.05 4.
c
c ... define master surface between wall and soil elements
c
sii- -2; 1 2: 1 2: 26 m 0. 0.05 4.
c
c ... define material used for part 5b
c
mate 3
C
c ... end definition of part 5b
C
end
c•

* c ... Information for part 5c
C
start
c
c define index space for concrete facing - bottom element • 2
c
1 3: 1 2; 1 4:
2.85 3.0
0, 0.1
3.60 4.35
c
c ... define slave surface at bottom of element
c
sii- 1 2; 1 2; -1: 15 s 3. 0.05 10.
c
c ... define master surface at top of element
C

sii- 1 2; 1 2; -2: 16 m 3. 0.05 0.

c ... define master surface with reinforcement
c
sii+ -2; 1 2; 1 2; 21 m 10. 0.05 4.
c
c ... define master surface between wall and soil elements

sii- -2: 1 2; 1 2: 27 m 0. 0.05 4.
c
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c . o. . efine material used for part 5c

U , c
mate 3
c
c ... end definition of part 5c"4r c

erd
c
c .. Information fc~r part 5d

start
C
c ... define index space for concrete facing bottom element + 3
C
1 3; 1 2; 1 4:
2.85 3.0
0. 0.1
4.35 5.10
C

c ... define slave surface at bottom of element
c
sii- 1 2; 1 2; -1: 16 s 3. 0.05 10.
C
c ... define master surface at top of element

sii- 1 2: 1 2: -2; 17 m 3. 0.05 0.

c ... define master surface with reinforcement
c
sii+ -2; 1 2; 1 2; 22 m 10. 0.05 4.

c ... define master surface between wall and soil elements
c
sii- -2; 1 2; 1 2; 28 m 0. 0.05 4.
c
c ... define material used for part 5d
c
mate 3
c
c ... end definition of part 5d I
c
end
C
c .. Information fcr par't 5e
C

start P
c
c ... oefine index space for concrete facing bottom element + 4
L

1 3: 1 2; 1 4;
2L85 3.0
0. 0.1 S
5.10 5.85
c
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S

c .. define slave surface at bottom of element U)

sii- 1 2; 1 2; -.1; 17 s 3. 0.05 10.

c - define master surface at top of element
C
sii,. 1 2; 1 2; -2; 18 m 3. 0.05 0.
C
c ... define master surface with reinforcement
C
sii+ -2; 1 2: 1 2: 23 m 10. 0.05 4.
C
c ... define master surface between wall and soil elements
C
sii- -2; 1 2; 1 2; 29 m 0. 0.05 4.
c
c ... define material used for part 5e
c
mate 3
c
c ... end definition of part 5e
c
end
c
c ... Information for part 5f
c
start

c ... define index space for concrete facing top element
c
1 3; 1 2; 1 4:
2.85 3.0
0. 0.1
5.85 6.60
C
c ... define slave surface at top with roof
c
sii- 1 2: 1 2; -2: 33 s 3. 0.05 0.
c
c ... define slave surface at bottom of element 0
c
sii- 1 2; 1 2; -1; 18 s 3. 0.05 10.
c
c ... define master surface with reinforcement
c
sii+ -2: 1 2; 1 2; 24 m 10. 0.05 4.
C
c ... define master surface between wall and sol elements
c
sii, -2; 1 2; ] 2: 30 m 0. 0.05 4.
C
c ... fix top of this facing element in x-directionr
C
b 1 1 2 1 2 2 100000
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li
c .. , define material used in part 5f

c
mate 3

A c
c ... end definition of part 5f
c
end
c
c ... Information for part 6
c
start
c
c ... define index space for elastic elements to right of mesh
c
1 3: 1 2: 1 11:
8.0 8.5
0. 0.1
0. 6.6
c
c ... define master surface between soil and rigid rhs
c
sii- -1; 1 2; 1 2: 31 m 10. 0. 4.
c
c ... define boundary conditions for rigid rhs
c
b 1 1 1 2 2 2 111111

0c
c ... define material used for part 6
c
mate 3
c
c ... end definition of par~t 6
c
end
c
c ... Information for part 7
c
start
C

c define index space for roof
C
1 2; 1 2; 1 2:
2.0 3.15
0. 0.1
6.6 7.0
C
c ... fix roof in all directions
C

b I 1 1 2 ? 2 111111
c

c ... define master surface between roof and upper facirn5
C
sii- 2; 1 1: 33 m 3. 0.05 10.
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® ~c ,
X, c .. define material used for Part 7

c

mate 3
Sc
c ... end definition of part 7
c
end
c b
c ... define material properties for soil (material #1)

c
mat 1 25
k 4.6e8
g 2,75Ee8
c alpha 0. 0
alpha 8,0e3
gamma 0.
c theta 0.2729
theta 0.263
beta 9,718e-8
r 2.5
d 9.718e-8
w 0.066
xO 1.3e6
nplot 3
ltype I
t -6.895e3
ro 2000. * •• c
c ... end definition of material p-operties i-or soil
c
endmat
c
c ... define material properties for reinforcing (material #2)
c
mat 2 3
e 3.7e7
pr 0.4
sigy 3.6e6
eta.i 3.7e5

beta 0.
ro 1000.
C

C ... end definitio n of material propert iest forr reir orcinc
c

erndma t
c

c det i ne materi al propert ies for facing, roof jnd right hand siie
C (MiLerial V?)

mat 3 1
e ?.07e1]0

pr C. .
ro 2720.
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c
c ... end definition of material properties for facing roof and rhs
c
endmat
c
c .... ':d ingrId
C
end

c
c

c .. interactive commands neccessary for generation of DYNA input deck
c I
c
c
C
c ... remove redundanL nodes between parts
c
tD 0.001

c ... A1ditional interactive commands mey be used t'o check the mesh
c
c
c .., generate DYN/A input file
c
cont

1
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IIidl
X) C, EXAMPLE OF DYNA3D INPUI FILE X)

The following is an example of a DYNA3D input file. Lines

beginning with "*comment* were added by the authors. Lines beginning

with just a "*" are comments generated by INGRID. Input data not

generated by INGRID are clearly marked by *comment* lines.

parametric study - base input file (pla.,e strain) 88 large
* 83 large

* ------------------ ANALYSIS INPUT DATA FOR DYNA3D 88 ------------------ *
* Generated with INGRID version 10/17/89 by Robert Rainsberger.

---------------------------- CONTROL CARD #1 --------------------------- *

* number of materidlsij nodal points[2] solid hexahedron elements[3] beam
• elements[4] 4-node shell P;ements[5] 3-node solid shell elements[6]

40 3 3520 1309 0 0 0

------------------.----.--- CONTROL CARD #2 ---------------------------*

* number of time history blocks for nodes[l] hexahedron elements[2] beam
* elements[3] shell elements[4] thick shell elements[5] and report interval[6]

0 0 0 0 O 0
*comment* The number of time history blocks for nodes and elements has been
*comment* added by hand in this study. not generated by INGRID. The data for
*comment* Analysis PSI are shown below.

15 26 0 0 0 0
*comment*

•--- ----------..----------- CONTROL CARD #3 -------------------.--------*

• number of nodes in DYNA3D-JOY interface[l] number of sliding boundary
* planes[2] sliding boundary planes w/ failure[3] points in density V', depth

"curve[4] brode function flag[5] number of rigid body merge cards[61
nodal coordinate format[7]

0 0 0 0 0 0e20.9

------------------- CONTROL CARD #4 ------------------------- *

* number of load curve[1J] concentrated nodal loads[2] element sides having

Spressure loads applied[3] velocity/acceleration boundary condition cards[4]
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* rigid waflIs (stonewal ls)[51 nodal constra.int cards[6J initail condition
* paraineter[7j sl idi ng interfaces[8] base acceleration in x[9J y[10] and
* z-di rectiorn[1IJI angular velocity about x[121 y[13J and z-axis[14J number of
* solid hexahedron elements for momentum deposit[15] detonation points[163

35 0 0 68 0 0 0 33 0 0 1 0 0 0 0 0
if*

------------------------------------- CONTROL CARD #5----------------------------

*termination time[l] time hi~tory dump interval[2J complete dump intervafl3]
*time steps between restart dumps[4J time steps betweeti running restart
*dumps[5J initial time step[63 sliding interface penalty factorE71 thermal
*effects optiori[8] default viscosity flag[9] computed time step factor[lOJ
8.OOOE-02 4000E-02 4.COOE-02 0 0 O.OOOEe-OO O.OOOE-ý-OO 0 0 O.OOOE+OO

*---------------------------------- CONTROL CARD ',6 -------------------------- *

*number of joint definitionsEll rigid bodies with extra nodes[2] shell-
*solid interfaces[3] tie-breaking shel s'lidelines[4J tied node sets with
*failure[5] limiting time step load curve nuinberE6] springs-dampers-masses
*flag[7] rigid bodies wvIth -inertia, properties[8] dump she'll strain flag[9]
*shadow burn flaq[iC] dulip hydro variables flag[11] shell update[121
*thickness[131 and theory options[14] number of nonreflecting
*boundary segments[15J

o 0 0 0 0 0 0 0 0 0 0 0 0 0 4

------------------------------------- CONTROL CARD, #7----------------------------

*number, o' point constraint nodes~i] coordinate systems for constraint
**nodes[2] minimumr step f~ctor[3] number of beam integration rulesj'4]

*maximium. integration points for beams[5J number of shell integration rules['6J
*maximum irtegivation points tor shells[7J relaxation iterat'ons between
*checks[8] re~iaxation tolerance[9] dynamic relaxation factor[l.0] dynamic
*relaxation time step factor[ll) 4-node shell time step option[121,

o 0 0.OODE+OO 0 0 0 0 250 LQOOOE-04 9.950E-_01 O.OOOF+OO 0

-------------------------------------------------------- CONTROL CARD #8 ---------------------------

*plane stress plasticity[1] printout flag[2] number of 1D slidelines[3]
10 0

*commeint* the mass proportional rayleigh damping terni must be input by hand
1,commrent* in cols 21-30 on the above line since This cannot be done by INGRiD.
*c~omment* the data for analysis PSI is shown below:

1 0) 0 1.0O0e+O1
*comment *

*--------------------------- ----------- MATERIAL CARDS----------------------------

1 252ýOOOO[+03 0 000000OE400 OO.OOOOE+O0O.OOO0E+OO 0 0 0
material type # 25 (invicid two invariant geologic cap model)
4.6COE+*08 2.758E+08 0.OOOE+O0 O.OOOE+00 0.OOOE+OO O.000E+O0 0.0100[+OO 0.OOOE+00
8.OOOE--03 2.63CE-0l O.OOOE±00 9.718E-08 2.500E+00 0.000E+00 0.)OOE±00 O.OOOE+00
9.718E-08 6.600E-02 1.300E+O6 Oý000E+0O O.OOOE+O0 D.OOOEi-00 0.OOOE+OO 0.OOOE+OO
3.OOOEAOO 0.000E4-00U .0E0 0.00[- 0 00O-+00 O.OOOE+O0 0.OOOE+0O 0.000E+O0 O.OOOELOO0
1.OOOE+00 0.000E+OO O.0OE400 0.O00E+O0 0.OOOE±-O0 0.000E+00 O.OOOE+00 0,0OFOE-00
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S-6.895E+03 O.0OOE-4-00 O0OGOE+OO000(-0 O.OOOE+OO 000- OO .OOOE+00O0EOO .OOOE+00
2 3'1.OOOOE+03 0 00.OOOOF.+0O O0OOOOE+0OO.OOOOE+0 0 0 0 3

material tyoe #t 3 (Kinetmatic/Isotropic elastic-plastic)
3.700E+07 0OOOE+OO O.0OOF+JO O.OOOE+OO O.OOOE+O0 .0.OOE+OO O.OOOE+0O O,OOOEs-OO
4.OOOE-O1 0,OOOE+OO 0.000E4-OO O.OOOE+OO O.0O0E+00 O.OOOE+OO O.OOOE-+0OO .OOOE+OO
3.600E+06 OOOOE+O0 O.OOOE+0O O.OO0E+OO O.OOOE+OO O.0OOE+00 O.OOOE+O0 O.OOOE+OO
3.700E+05 O.DOOE±O00 O.OOOE+OO O.OOOE+-O0 O.OOOE+OO O.OOOE+OO O.OOOE+OO C.OOOE+0O
O.OOOE+OO 0O.OOE+OO O.OOOEc+OO O.OOOE+OO 0J.000E+00 O.OOOE+OO 0.00OC'E+00 O.OOOE+OO
O.OOOE+OO O.OOOE+OO O.000E4-OO O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE-i-OO O.OOOE+OO

3 12.7200E+03 0 OO.OO0OE-1OO OO.OOOOE+OO0.OOOOE+OO 0 0 0
inaterial type # 1 (elastic)
2.07OF+1O O.O00C+O0 O.OOOE+OO 0.OOOE+OO O.OOOE-'-O O.OOOE+OO O.OOOE+OO 0.OOOE+OO
2.500E-01 O.OOOE±OO 0 .COOE+00O0.OOOE+00 O.0OCE+0O O.OOOE+OO 0.0OOE:;-0O 0.OOOE-4-O0
0.OO~rO0-- O.OOOE+OO C.OOOE+O0 O.OOOE+O0 O.OOOE+OO 0.OOOE+O0 0.000E4O00 O.OOOE+00
0.OOOE+OO G.OOOE+OO O.OOOE+OO O.OOOE+00 O.COOE+OO O.OOOE+OO O.OOOE+OO O.OOOE.-OO
O.O@OE±OO O.000E4-OO O.OOOE+OO O.OGOE+OO 0.OOOE±00 O.OOOE+00 LKOOOE+0O O.OOOE+OO
O.OOOE+O0 O.OOOE+O0 O.OOOE+0O O.OOOE+O0 O.O0OE0EO O.OOOE±OO 0.OOOE+OO O.OOCE+00

--------------------- NODE DEFINITIONS---------------------------*

1 7. O.OOOOOOOOOOOOOE+OO O.OOOOOOOOOOOOOE-'-O OOOOOOOOOOOOOE+OO 7
2 2. 0,OOOOOOOOO0OOO0E+OO O.OOOOOOOOOOOOOE-t-O 0000002384186E-01 7.
3 7. 0,0000000000000E+00 1.0000000149012E-01 O.OOOOOOOOOOOOOE+OO 7.
4 2. 0.OOO0OOOOOOOOOE÷CO 1.0000000149012E-O1 6.000000238-4186E-01, 7.

*comnment*
*comment* data for nodes 5-3516 are omitted so save space
*comment*

3517 7. 3.1500000953674E400O O.0000000300000E+0O 6.5999999046326E+00 7.
3518 7. 3.1500000953674E+00 O.OOOOOOOOOOOOOE4O0 7.0OOOOOOOOOOOOE4OO 7.
3519 7. 3.1500000953674E+00 1.0000000149012E-01 6.5999999046326E+00 7.
3520 7. 3.1500000953674E+00 I.C000000149012E-O1 7.OOOOOOOOOGOOOOE+0O 7.

*------------- ELPMENT -CARDS FOR SOLID ELEMENTS------------------*

1 1 5 7 3 2 6 8 4
2 1 b 9 11 7 6 10 12 8
3 1 9 13 15 11 10 14 16 12
4 1 13 17 19 15 14 18 20 16

*coiflment*
*comment* data for elements 15-11305 are omitted so save space
*comment*

1306 3 3477 3499 3510 3488 3478 3500 3511 3489
1307 3 3456 3478 3489 3467 3457 3479 3490 3468
1308 3 3478 3500 3511 3489 3479 3501 3512 3490
i309 3 3513 3517 3519 3515 3514 3518 .3520 3516

*comment*
*c o mmlen t *
<c mm,2n t * Node t imný history bloc.,<: and element time history blocks were entered by
*c cn,.m en t* hand in this study. Th.? data for analysis PS1 are shown below:
*co\mment*'

-- - - - - -- -------- OD TIME HISTORY BLOCKS --------------

109 109 -303 3303 3306 3306 3327 .3327 3330 3330
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3351 3351 3354 3354 2375 3375 2378 3378 3399 3399
3402 3402 3423 3423 3426 3426 911 911 879 879* I

".-------------------- SOLID ELEMENT TIME HiSTORY BOCKS ---------------

360 374 1203 1203 1237 1237 645 645 675 675
705 705 735 735 765 765 795 795 825 825
855 855 885 885 915 915 945 945 975 975

1005 1005 1035 1035 1065 1065 101)5 1095 1125 1125
1155 1155 285 285 300 300 31.5 315 330 330
345 345

*comment*
*comment* load curve definitions are generated by !NGRID
*comment'
.

*------------------------ LOAD CURVE DEFINITIONS ---------------------*

1 5
O.OOOE+00 0.OOOE+00
0.200E-01 0O.100E+O0
0.600E-01 0.900E+00
0.800E-01 0.100E+01
0.100E+02 0.100E+O1

2 11
O.OOOE+00.OO0OE+O0
0.C39E-01 0.OOOE+O0
0.849E-01 0.10OE+01
0.889E-01 0.886E+00
0.939E-01 0.781E+00
0.104E+00 0.599E+00
0.134E+00 0.221E+00
0.184E+0O0-0.590E-01
O.284E+OO-O.127E+00
0.5OOE+O00 .OOOE+00
O.200E+01 O.OOOE+O0

3 11
O.OOOE+00 0.000[+0O
0.830E-01 0.O0OE+O0
0.839E-01 0.100E+01
0.880E-01 0.874E+00
0.930E-01 0.760E+00
0.103E+00 0.564E+00
0.133E+00 0.174E+00
0,183E+O0-0.865E-01
C.283E+00-0.116E+0O
0.500E4OO 0.OOOE+00
0.200E+01 .OOOnE+00

4 11
O.OOOE+00 0.OOOE+00
0.821E-01 O.OOOE+0O
0.829E-01 0 IGOE901
0.871E-01 0.860E+00
0.921E-01 0.736E+00
0.102E+00 0.525E+00
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0 .500E+00 O.OOOE+0O

5 11
Q.OOOE+OO O.OOOE+OO
0.817E-01 O.OOOE-1OO
0.824E-01 O.100E+01 1
0.867E-01 0.853E+00
0.917E-01 0.723E+00
0.102E+00 0.505E+00
0.132E+00 0.121E+00O
0. 182E+0O-O. 117E+00
o .282E+OO-O.942E-O1
0.500E+00O QOOOE+OO
0.200E+01 0.OOOE+OO

6 11
O.OOOE+OO O.OOOE+O0
0.814E-01 O.OOOE+OO
0,821E-01 0.100E+01 

00.864E-01 0.848E+00
0.914E-01 0.714E+00
O.1O1E-+OO 0.491E+00
0.131E+00 0.870E-01
0. 181E+OO-O.122E+00
O.281E+OO-O.886E-01
0 .500E+00 O.OOOE+OO
O.200E4O01 O.OOOE+OO

7 11
0.OQOE+00 0.OOOE+OO
0.813E-01 O.OOOE+OO
0.820E-01 0.100E+01
0.863E-01 0.846E+00
0.913E-01 0.710E+00
0.101E+00 0.484E+00
0.131E+00 O.798E-O1
O.181E+OO-O.124E+-oo
O.281E+OO-0.860E-01
0.500E+00 O.OOOE+OO
0.200E+01 O.OOOE+O0

8 11
O.OOOE+OO O.OOOE+O0
0.811E-01 O.OOOE+00
0.818E-01 OAOOE-.01
0.861E-01 0.843E+00
0.911E-01 C.704E+00
0.101E+00 0.476E+00
0.131E+00 0.707E-01
0.181E+OO-0. 1?6E+O0
0.281E+OO-O.826E-01
0.500E+0-0 0.OOOE+00
0.200E+01 0.OOOE+00

9 11
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O,OOE+00.OOOE+00
0.810E-01 0.OOOE4.00
0.817E-01 0.100E+01 0
0.860E-01 0.840E+00

4 0.910E-01 0.700E+00
0.101E+00 0.470E+00
0.131E+00 0.640E-01
0.181E+00-0.128E+O0
0.281E+00-0.801E-01
0.500E+00.OOOE+00
0.200E+01 0.O00E+00

10 11
O.O00E+00 0.000E+00
0.808E-01 0.OOOE+00
0.815E-01 0.100E+01
0.858E-01 0.836E+00
0.908E-01 0.692E+00
0.1O1E+00 0.457E+00
0.131E+00 0.507E-01
0.181E+00-0.131E+00
0.281E+00-0.749E-01
0.500E+00 0.OOOE+00
0.200E+01 0.000E+00

11 11
O.OOOE+00 0.OOOE+00
0.806E-01 0.OOOE+00
0.813E-01 0.100E+01
S0.856E-01 0.831E+000.906E-01 0.683E+00

0.1OIE+00 0.444E+00
0.131E+00 0 386E-01
0.181E+00-0.132E+00
0.281E+O0-0.702E-01
0.500E+00 0.OO0E+00
0.200E+01 0.OOOE+00

12 11
O.OOOE+00 0.OOOE+00
0.805E-01 0.OOOE+00
0.812E-01 0.100E+01
0.855E-01 0.829E+00
0.905E-01 0.680E+00
0.101E+00 0.,!39E+00
0,131E+00 0.334E-01
0.181E+0O-0.133E+00
0.281E+00-0.692E-01
0.500E+00 0.00OE+00
0.200E+01 0.OOOE+00

13 11
O.OOOE+00.OOOE+00
0.804E-01 O.OOOE+00
0.810E-01 0.100E+01
0.854E-01 0.826E+00
0.904E-01 0.675E+00
0.100E+00 0.432E+00
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0

O.130E+O0 0.271E-01
3) O.180E+OO-O.134E+O0 

X)

0.280E4.00-O.657E-01
O.500E+O00 .OOOE+O0
0 0.200E+010O.OOOE+O0

14 11
O.000•OO O.OOOE+O0
0.803E-01 O.OOOE+O0
0.810E-01 0.100E+01
0.853E-01 0.824E+00
0.903E-01 0.672E+00
0.100E+O0 0.428E+00
0.130E+00 0.226E-01
0.180E+00-0 134E+00
0.280E+O0-0.639E-01
0.500E+O00 O.OOOE+O0
0.200E+01 0.OOOE+O0

15 11
O.OO0E+00 0.OOOE+O0
0.802E-01 0.OOOE+0O
0.808E-01 0.100E+01
0.852E-01 0.821E+00
0.902E-01 0.666E+00
O.100E+00 0.419E+00
0.130E+00 0.146E-01
O.180E+00-0.135E+0O
0.280E+O0-0.608E-O1
0.500E+00 O.OOOE+00
0o200E+Q1 0.OOOE+00

16 11
0.OOOE+00 0.OOOE+00
0.801E-01 0.OOOE+00
0.807E-01 0.100E+01
0.851E--01 0.818E+00
0.901E-01 0.662E+00
0.100E+00 0.412E+00
0.130E+00 0.840E-02
0.180E+00-0.135F,)0
0.280E+00-0.583E-01
0.500E+00 0.OOOE+00
0.200E+01 0.OOOE+00

17 11
0OOOE+00 0.000E+00
0.8C1E-01 0.OOOE+00
0.807E-01 0.100E+01
0.851E-01 0.817E+00
0.901E-01 0.660E+00
0.100E+00 0.409E+00
0.130E+00 0620E-02
0.180E+00-0. 135E+00
0.280E+00-0.574E-01
0.500E+00 O.OOOE+00
0.200E+01 O.OOOE+00

18 11
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S

O.OOOE+00 O.O0OE+O0
X) 0.800E-01 0.OOOF+O0

0.806E-01 0,100E+01
0.850E-01 0.816E+00
0.900E-01 0.658E+00
0.100E+00 0.407E+00
0.130E+00 0.390E-02
0.180E+00-0.135E+00
0.280E+00-0.565E-01
0.500E+00 0.OOOE+00
0.200E+01 0.OOOE+00

19 11
0.OOE+O00.OOOE+0O
0.800E-01 0.OOOE+00
0.806E-01 0.100E+01
0.850E-01 0.816E+00
0.900E-01 0.657E+00
0.ICOE+00 0.405E+00
0.130E+00 0.270E-02
0.180E+00-0.135E+00
0.280E+00-0.560E-01
0.500E+00 0.OOOE+00
0.200E+01 0.OOOE+00

20 11
0.OOOE+00 O.OOOE+00
0.800E-01 0.OOOE+00
0.806E-01 0.100E+01

* 0.850E-01 0.815E+00
0.900E-01 0.656E+00
0.100E+00 0.404E+00
0.130E+00 0.160E-G?
0.180E+00-0.135E+0O
0.280E+00-0.556E-01
0.500E+00 0.000E+00
0.200E+01 0.OOOE+00

21 11
O.OOOE+00 0.OOOE+00
0.800E-01 0.OOOE+00
0.806E-01 0.100E+01
0.850E-01 0.816E+00
0.900E-01 0.657E+00
0.100E+00 0.405E+00
0.130E+00 0.270E-02
0.180E+00-0.135E+00
0.280E400-O.560E-01
0.500E+00 0.OOOE+00
0.200E+01 0.OOOF+00

22 11
0.000E+00 O.OOOE+00
0.800E-01 0.OOOE+00
0.806E-01 O.I00E4.01
0.850E-01 0.816E4.00
0.900E-01 0.658E+00
0.100E+00 0.407E+00
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0.130E+00 0.390E-02
X) O.180E+OO-O.135E+OO 

3
O.28')E,+O-0-.565E-O1
0.500E+00 O.OOOE+OO

VO.200E+0-1 O.OOOE+OO
23 11

O.O0OE+00OO).OOOE+OO
0.801E-01 O.OOOE+OO
O.80VE-O1 O.IOOE+t0l
0.851E-01 0.817E+00
0,901E-01 0.6360Ei00
O.100E+0O 0.4O91E+Oo
0.130E+00 0.620E-02
0. 180E+0O-0. 135E-400
0. 280E4.00-0.574E-01
0.500E+00 0.030E+00
0.200E+01 0.OOOE+00

24 11
C.OOOE+00 0.OOOE+C~o
0.801E-01 O,0OOOý+00
0.807E-01 0.100E+01
0.851E-01 0.818E-.00
0-901E-01 0.662E+00
0.100E+00 0.412E+00
0.130E+00 0.840E-02
0.180E+00-O. 135E+O0
0.280E+00-O,583E-ol

* 0.500E+00 O.'JOOE4000
0.200E+01 O.COOE+00

25 11
0.OOOE+00 0.OOOE+OO0
0.80PE-01 0.OOOE+00
0.808E-01 0.100E+01
0.852E-01 0.821E+00
0.902E-01 0.666E+00
0.100E+00 0.419E+00
0.130E+00 0.146E-01.
0. 80E+00-0. 135E+00
0.280E+00-O.608E-O1
0.500E+00 O.OOOE+00
0.200E+01 0.OOOE+0O

26 11
0.OOOE+00 0.000E+O0
0.803E-01 0.OOOE+00
0.81GE-0il 0.100E+01
0,853E-01 0.824E+00
0.903E-01 0.672E+00
0.100E+00 0.428E+C*o
0.130E+00 0.226E-01
0. 180E+00-0.134E+30
0.28flE+00-0.639---O1
O.S00E+00 C.OCOE+Or)
0.200E+01 O.00Ci-'00

27 J1
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I

0.000E+00 0.000E+00
9.804E-01 OA00OE40O
0.810E-01 0.100E+01
0.854E-01 1.826E+00
0.904E-01 0.675E+00

0.100E+00 0.432E+00
0.130E+00 0.27!E-01
0.180E+OO-0,134E+00
0.280E+00-0.6571r-01
0.500E+00 0.000E+00
0.200E+01 0.000E+00

28 11
0.O00E+00 0.0001-,-00
0.805E-O1 0.000E+00
0.812E-01 0.100E+01
0.855E-01 0.829E+00
0.905E-01 0.680E+00
C.101E+00 0.4391-+00
0131E+00 0.3341:-01
0.181E+00-0.133t£+00
0.281E+3O-0.682'E-01

0.500E+00 0.0OlCE+00
0.200E+01 0.O00E.00

29 11
O.000E+00 .O000E+00
0.806E-01 .O000E+O0
O.813E-O1 0.100E+01
0.856E-01 0.83]E+00 0
0.906E-01 0.683E+00
01I01E+00 0 444E+00
0.131E+00 O.386E-01
O.1812+00-0.032E+00
0.281E+00-0.702E-01
0.500E+00 0.OOOE+00 

0
0.200E+01 0.OOOE+00

30 11
O.OOOE+00 .O.00E+00
0,80&E-01 0.OOOE+00
0.815E-01 0.100E+01
0.858E-01 0.836E+00
0.908E-01 0.692E+00
0.101E+00 0.457E+00
0.131E+00 0.507E-01
0.181E+00-0.131E+O0
0.281E+00-0.749E-01
0.500E+00 O.OOOE+O0
0.200EtO1 0.OOOF+00

31 11
O.OCOE+00 0.000E+00
0.8!OE.0l O.O00E+0U
0.817E-01 0.I00L+01
0.860E-01 0,840E+00
0.9 1 0E-01 0.700E+00
0.101E+00 0.470E+00
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i
0.131E+00 0.640E-01
0.181E+00-O.128E+0)
0.281E+-OO0-.801E-01
0.500E+00.OOOE+00

, 0.200E+01 0.O00E+00
32 .11

O.OOOE+O00. O0E+00
0.811E-01 0.OOOE+00
0.818E-01 0.100E+01
0-861E-01 0.843E+00
0.911E-01 0.704E+0o
0.101E+00 0.476E+00
0.131E+00 0.707E-01
0.181E+00-0.126E+0G
0.281E+0O-0.826E-O1
0.500E+00 0.OOOE+0O
0.200E+01 0.COOE+00

33 11
O.OOOE+O00O.OOOE+O0
0.813E-01 0.OOOE+O0
0.820E-01 0.100E+01
0.863E-01 0.846E+00
0.913E-01 0.710E+O0
0.1O1E+00 0.484E+00
0.131E+00 0.798E-01
O.181E+OO-0.124E+O0
0.281E+00-0.860E-O1

S0.500E+O0 U.OOOE+00
0.200E+01 O.OOOE+00

34 11
O.OOOE+00 0.OO0E+O0
0.314E-01 0.OOOE+0O
0.821E-01 0.100E+01
0.864E-01 0.848E+00
0.914E-01 0.714E+00
O.IO1E+00 0.491E+00
0.131E+00 0.870E-01
0. 181E-00-0.122E+00
0.282E+00-0.886E-01
0.500E+00.OOOE+00
0.200E+01 0AOOOE+00

35 11
O.OOOE+00 0.OOOE+O0
0.817E-01 0.OOOE+00
0.824E-01 0.100E+01
0.867E-01 0.853E+00
0.917E-01 0.723E+00
0.102E,+00 0.505E+00
0.132E+00 0.121E+00
0.182F+00-0.117E400
0.282E+00-0.942E-01
0.50OEO00 O.OOOE+OO
0.200E+O] O.OOOE+O0
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-------- VELOCITY SPECIFICATION FOR NODES AND RIGID BODIES-----------

X)3234 2 4 2.270E+0O-1LCOOE+00O0.OOOE+00O 0OOOE+0O 0
3236 2 4 2.270E+O0-1.OOOE+00O0.OOOE+O0 0.OOOE+00 0

4 3237 3 4 3.226E+00-1.OOOE+00O0.OOOE+00O0.OOOE+O0 04
3233 3 4 3.226E+CO-1.OOOE+00O0.000E4-O0 0,OOOE+0O 0
3239 4 4 4.591E+001l.OOOE+O0 0.000F+0O C.OOOE+0O 0
3240 4 4 4.59).E-'00-1.OOOE+O0 O.OOOE00 O0.OOOE+OO 0
3241 5 4 5.453E+00-1.OOOE+OO O.OOOE+00 0.OOOE+00 0
3242 5 4 5.453E+O0-1.OOOE+O0 O.OOOE+00 0.000E+OO 0
3243 6 4 6,128E,*00i1.OOOE+O0 OMOOE+O0 O.000E+O0 0
3244 6 4 6.128E+00-1.OOOE+O0 O.OOOE+00 O.000E4-OO 0
3245 7 4 6.468E+0O-1.OOOE+oo O.OOOE+OO 0.000E-L00 0
3246 7 4 6.468E+00-1.OOOE+OO O.OOOE+00 O.OO0E+00 0
3247 8 4 6.927E+00-1.OOOE+00 0.OOOE+00 O.OOOE+00 0
3248 8 4 6.927E+0O-1.Q0OE±00 0.OOOE+O0 O.OOOE+00 0
3249 9 4 7.290E+00-1.OOOE+O0 0.OOOE+00 .0.OE+0O 0
3250 9 4 7.290E+O0-1.OOOE+00 0.OOOE+00 O.OOOE-40O 0
3251 10 4 8.075E+00-1.OOOE+00 0.OOOE+00 0.OOOE+0O 0
3252 10 4 8.075E+0O-1.OOOE+00 0.OOOE+00 .0.GOE+00 0
3253 11 4 8.869E+00-1.OOOE+01) 0.OOOE+O0 0.OOOE+0O 0
3254 11 4 6.869E+00-1.OOOE+00 0.OOOE±00 0.OOOE+O0 0
3255 12 4 9.242E+00-1LOUOE+O0 0.OOOE+00 O.OOOE+00 0
3256 12 4 9.242E+00-1.OOOE+OO 0.OOOE+O0 0.OOOE+O0 0
3257 13 4 9.715E+O0-1.OOOE+00 O.OOOE+O0 0.OOOE+O0 0
3258 13 4 9.715E+0O-1.OOOE+0O O.OOOE+00 0.OOOE+Q0 0
3259 14 4 1.006E+01-I.OOOE+OO 0.OOOE+00O0.OOOE+00 0

*3250 14 4 1.00624-01-1.000E+00 0.OOOE+00 0.OOOE+0O 0 0
31261 15 4 1.073E+01-1OOOE+0O 0.OOOE+00 0.OOOE+O0 0
3262 15 4 1.073E+01-1.OOOE+00 0.OOOE+00 0.OOOE-s00 0
3263 16 4 1.129E+01-1.OOOF+00 0.OOOE+00 0.OOOE+0O 0
3264 16 4 1.129F+01-1.0OOE+00O0.0~0E+00 0.OOOE+0O 0
3265 17 4 1.150E+OI-I.OOOE+0O O.OOOE+00 0.000E+~0O 0
3266 17 4 1.150E-.01-1.OOOE+00 0.OOOE+00 O.OOOE+00 0
3267 18 4 1.171E+01-1.OOOE+00 0.OOOE+00 .0.OE+00 0
3268 1B 4 l.l71E+01-1.000E+00O0.OOOE+0O O.OOOE+00 0
3Z69 19 41 1.183E+01-1.OOOE+00 0.OOOE+00 0.OOOE+0O 0
3270 19 4 1183E+01-1.OOOE+00 0.000E+00 0.OOOE+0O 0
3271 20 4 1.193E+01-l.OOOE+00 0.OOOE+00O0.OOOE-uiJ 0
3272 20 4 1.193E+01-1.OOOF+00 0.OOOE+00 0.OOOE+0O 0
3273 21 4 1.183E+01-1.OOOE+00 O.OOOE+00 0.OOOE+0O 0
3274 21 4 1.183E±01-1.OOOE+OO 0.OOOE+00 .0.OE+00 0
3275 22 4 1.171E+O1-1.OOOE+00 O.OOOE+00 0.O00E+0O 0
3276 22 4 1,171E+O1-1.O00'E+0O O.OOOE±400 0.OOOE-s00 0
3277 23 4 1.150E±Ohl1.OOOE.+00O 0000E+00 0.OOOE+OO 0
'3278 23 4 1.15OE+01-l.OOOE+00 0.OOOE+00 0.OODEi-O0 0
3279 24 4 1 .129E+01-1.GOOE+00 O.OOOE+0O O.OOOE+fO0 0
3280 24 4 1.1291E+O1-1.OOOE+00 O.0OOE+O0 D.OOOE+00 0
3281 25 4 1.0713E+Ol-l.OOOE+O0 O.OO0E+O0O 0.0001+00 0
3282 25 4 1,073E+01-1.0001+00 0.OOCF+0O O.OOOE+00 0
3?83 26 4 1.006E-.01-1.OOOE+0O 0.0 011-00 0.0OOF+0O 0
3284 26 4 1.006E+01 I.OOOE±0O 0.0JOE.400 0.0001+00 0)
3285 27 4 9 715E+00-1.OOOE+OO O.OOOE+OO OOOO0E±C0 0
3286 21 4 9.715E+O001.OOOE+O0 DI0O000EO0 0.OOOE+OD 0
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3287 28 4 9.202E-+00-1.000E+00 U.0..UU+UU i.ýOE0
3288 28 4 9.242E+O0-l.000E+00 0.000E+00 0.000E+00 0
3289 29 4 8.869E+00-l.000E+00O0.000E+00 0.000E+00 0
3290 2) 4 F3.869E+00-1,00OE-00 0,000E+00 0.OOOE+O0 0 J

4 291 30 4 8.075E+00-1,000E+OO 0.OOOE-'00 0.OOOE±00 0
3292 3U 4 8.075E+00-1.OOOE+00O0.OOOE-+0O 0.000E+00 0
3293 31 4 7,290E+O0-1.000E+O0 O.O00E+O0 0.OOOE±00 0
3294 31 4 7.290E+0O-1.OOOE+00 0.OOOE-s00 0.OOOE+O0 0
3295 32 4 6.927Et00-1.OOOE+00O.0.OOE--00 O.OOOE+00 0
3296 32 4 6.9127E+00-1.OOOE+00 0.OOOE+00 0.000E+00 0
3297 33 4 6.468E+00-1.OOOE+00 0.OOOE+00 0.OOOE-,0O 0
3298 33 4 6.468E+00-i.OOOE+00 0.OOOE-+00 0.OOOE+00 0
3299 34 4 6.128E+00-1.OOOE+00 0.OOOE+Ofl 0.000E400 0
3300 34 4 6.128E+00-1.OJOE+00 0.OOOE+00 0.OOOE+00 0
3301 35 4 5.A53E+00-1.o~oE+00 0.OOOE+00 0.OOOE+00 0
3302 35 4 5 53E+O0-1.OOOE+0 0OOO0E+0O 0.OOOE+00 0

---------- ------ SL I r)ING TINTERFACE DEFINITIONS--------------------*-

321* .OE0 .OE0 .OE0 0O+O~FO

32 15 3 9.000'E-01 9.OOOE-01 0.OOOE+00 0 0 O0.OE+000.UE+00
310 15 3 9.000E-01 9.OOOE-01 0.000E4-00 0 0.0E+0O0.0E+00
30 15 3 9.OOOE-01 9.OOOE-O1 0.OOCE+00 0 0 00.OE±000.OE4O0
30 15 3 9.OOOE-01 9.O000E-01 0.OOOE+00 0 0 00.OE+000.OE+400
30 15 3 9.0001>01 9.OOOE-01 0.OOOE÷-00 0 0 O0.0E+O00.0E,00
30 15 3 9.OOOE-01 9.OOOE-01 0.OOOE+00 0 0 00.OE+000.OE-tOO
30 15 3900-C 9.OOOE-0 I 0.0E-lOOOOE+00 0 0 00.OE+000.OE+00
30 15 3 9.OOOE-O! 9.OQOE-01. 0.OOOE+00 0 0 00.OE+000.OE+0O

*30 15 3 9.OOOE-01. 9.OOOE -01 0.OOOE+00j 0 0 000.E+00O.0E+00
30 15 3 9.OOOE-OJ. 9,OOOE-0I 0.OOOE-t00 0 0 00.OE+ý000.iJE+00
30 15 3 9.OOOE-01 9.OOOE-01 0..OOOE+00 0 C O0.OE+C00.OE+00
30 35 3 9.OOOE-01 9.OOOE-00 0.000[+-00C 0 0 0O.OE±COO0.OE+O0
35 3 2 301.50E+00 1.500E+00 0.OOOE-OC0 0 0 0.OE+000.OE+00
2 2 3 1 .500E+400 I .EOOE+00 0.OOOE+00 0 0 00.0E-i00.0E+O00
2 2 3 1.500E+00 1,500E+00 0.OOOE+OO 0 0 OOOE+OOO.OF-i-0
2 2 3 1.500E+00 1.500E+00 0.OOOE+00 0 0 O0,0E+000.0E+00
2 2 3 1.5OOE+00 1.500E+00 0.000E+00 0 0 00.OE+000.OE+00
23 3 2 O.SOOE+00 I .500E+00 0.OOOE+00 0 0 00,OE+0O0.OE-+OC

3 3 2 0.OOOE+00 0.OOOE±0C 0.000[+00 0 0 00.OE+000.OE+OO0
3 3 2 0.OOOE-4-0 0.OOOE+00 0.OOOE-+00 0 0 0O.OE1-000OE±00
3 3 2 O.OOOE+00 0.oOOE+00 0OAOOE+00 0 0 00.OE+000.OE+00
3 3 2 U.OOOE-tOO C.000E+00 0.00014+00 0 0 00.oE+OOC'.0E+ý0
3 3 2 O.000E400 G.OOE- 00 0,000,1+00 0 0 00.OE+000.O[+00
6 3 3 7.OOOE 0)1 7 OOOE -01 L).000EtO+0 0 0 00.0t+00O.0L+00
6 ,13 3 7.000[ 01 7.0CEOOl-00. 0001F+00 0 0 00OHOEQ00O . Q[#0
6 3 3 7.0001 01 7.000[-01 C.OCOE4CO 0 O0.OE±f~000OEN)00
6 3 -) 7. 0001 01 7 COOL -01 0. 0001+00 0 C) 0C)O. 0[-+uC.01 -()
6 3 3 7.000[ 01 1.00OF01 . 0.oO0L+(00j 0 0 O0.01L+000.0F40C
f) .3 /.0001 Ol 7.000[ 01 o.OOOE+0() 0 0 ().of4000.0Ej()o

44 10 3 0.0001 +uO 0 .0001*00 0. 0001 f 0 0 (1) 00 .0Of-f 00'. 0F 100
1? 26 A3 ] 50()F-tW) 1 . A)0L i+00 0. 000 14CO 0 0 00 .0 tOF uO . 011.00

1/1 3 1. 5001 tQ0 :.100[*00 0.O001+O0 0 0 (10.01+000.0 Hi 0
1 1615 16110 1627 162 3

1642? 162/ 16,0) 1631



3 163] 1635 1643 1639
4 1639 1643 1651 1647
5 1647 1651 1659 16ý5
6 1655 1659 1667 1663
7 1663 1665 1675 1671
8 1671 1675 1683 1679
9 1679 1683 1691 1687

10 168' 1691 1699 1695
11 1695 1699 1707 1703
12 i703 170/ 1715 1711
13 1711 1715 1723 i7i9
14 1719 1723 1731 17?7
15 1727 1731 1739 1735
16 1735 1739 1747 1743
17 1743 1747 1755 1751
18 1751 1755 1763 1759
19 1759 1763 1771 1767
20 1767 1771 1779 1775
21 1775 1779 1787 1783
22 1783 1787 1795 1791
23 1791 1795 1803 1799
24 1799 1803 1811 1807
25 1807 1811 1819 1815
26 1815 1819 1827 1823
27 1823 1827 1835 1831
ý8 1831 1835 1843 1839
29 1839 1843 1851 1847
30 1847 1851 1859 1855
21 3303 3307 3315 3311
32 3311 3315 3323 3319
1 335 337 338 336
2 A37 339 340 338
3 339 341 342 340
j! 341 343 344 342
5 343 345 346 344
6 345 347 348 346
7 34? 349 350 348
8 349 351 352 350
9 351 353 354 352

10 353 355 356 354
11 355 357 358 356
1? 357 359 360 358
13 359 361 362 360
14 361 363 364 362
15 363 36b 366 364

1 1I18 1626 1630 1622
? 1626 1634 1638 1630 0
3 1634 1T42 1645 1638
4 1642 1i. 0 1654 1646
5 i650 1658 1662 1b54
6 !658 1666 1670 1662
7 1666 1674 1678 1670
8 1674 168? 1686 1678
9 1682 1690 1694 1686
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'tO 1690 1698 1702 1694
11 1698 :1706 1710 1702",
1? 1706 :1714 1718 1710
13 1714 17242' 1726 1718
i4 1722 1730 1734 1726
15 1730 1742 1734
16 1738 1746 IN50 1742
17 1746 1754 1758 1750
18 1754 1762 1756 1758
19 176- 1770 1774 1766
20 1770 1778 P782 1774
21 1778 1786 1790 1792

1786 1794 1798 1790
23 1794 1802 1806 1798
24 1CO? 1il10 i814 1806
25 1.810 1318 1822 1814
26 1818 1826 1830 1822
27 1826 1834 1838 1830
28 1834 1842 1846 1838
29 184? 1850 1854 1846
30 1850 1858 1862 1854
1 367 369 373 371 0
2 371 373 377 375
3 375 377 381 379
4 379 381 385 383
5 383 385 389 38'
6 387 389 393 391
7 391 393 397 395 0
8 395 397 401 399
9 39 do01 405 403

10 403 405 409 407
11 407 409 413 411
12 411 413 417 415
13 415 417 421 419
14 419 421 425 423
15 423 425 429 427
1 1863 1867 1875 1871
2 1871 1875 1883 1879
3 1879 1883 1891 1887
4 1887 1891 1899 1895
5 1895 1899 1907 1903
6 1903 1907 1915 1911
7 1911 1915 1923 1919
8 1919 1923 1931 1927
9 1927 1931 1939 1.935

10 1935 1939 1947 1943
11 1943 1947 1955 1951
12 1951 1955 1963 1959
13 1959 1963 1971 1967
14 1967 1971 1979 1975
15 1975 1979 1987 1983
16 1983 1987 1995 1991
17 1991 1995 2003 1999
18 1999 2003 2011 2007
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19 20C7 2011 2019 2015
20 21,5 2019 2027 2023)
21 2023 2027 2035 2031
22 2031 2035 2043 2039
23 2039 2043 2051 204724 2047 2051 2059 2055
25 2055 2059 2067 2063
26 2063 2067 2075 2021
27 2071 2075 2083 20Y9
28 2079 ?083 2091 2087
29 2087 2091 2099 2095
30 2095 2099 2107 2103

1 559 561 562 560
2 561 563 564 5623 563 565 566 564
4 565 567 568 566
5 567 569 573 568
6 569 571 572 570
7 571 573 574 57;!
8 573 575 5S6 574
9 575 577 578 57•

10 577 579 580 578
11 579 581 582 58012 581 583 584 582
13 583 585 586 584
14 585 587 588 586
15 587 589 590 588

1 1866 1874 1878 1870 02 1874 188? 1886 1878
3 1882 1890 1894 1886
4 1890 1898 1902 1894
5 1898 1906 1910 1902
6 1906 1914 1918 1910
7 1914 1922 1926 1918
8 1922 1930 1934 1926
9 1930 1938 19412 1934

10 1938 1946 1950 1942
11 1946 1954 1958 1950
12 1954 1962 1966 1958
1, 1962 1970 1974 1966
14 1970 1978 1982 1974
15 1978 1986 1990 1982
iC 1986 1994 1998 1990
1D 1994 2002 2006 1998
18 2002 2010 2014 2006
19 2010 2018 2022 2014
20 2018 2026 2030 2022
21 2026 2034 2038 2030
22 2034 2042 2046 2C38
23 2042 2050 ?(54 2046
24 2050 2058 2062 2054
25 2058 2066 2070 2052
26 2066 2074 20'8 2070
27 2074 20 '? 2078
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28 2082 2090 2094 20A6

,)29 2090 2098 2102 2094 "
30 2098 2106 2110 2102

1 591 593 597 595
2 595 597 501 599
3 599 601 505 603
4 603 605 609 607
5 607 609 613 611
6 611 613 617 615
7 615 617 621 619
8 619 621 625 623
9 623 625 629 627

10 627 629 633 631
11 631 633 63'.7 635
12 635 637 641 639
13 639 6,41 645 643
14 643 645 649 647
15 647 649 653 651
1 2111 2115 2123 2119
2 2119 2123 2131 2127
3 2127 2131 2139 2135
4 2135 2139 2147 2143
5 2143 2147 2155 2151
6 2151 2155 2163 2159
7 2159 2163 2171 2167
8 2167 2171 2179 2175
9 2175 2179 2187 2183

10 2183 2187 2195 2191
1.1 2191 2195 2203 2199
12 2199 2203 2211 2207
13 2207 2211 2219 2215
14 2215 2219 2227 2223
15 2223 2227 -2235 2231
16 2231 2235 2243 2239
17 2239 2243 2251 2247
18 2247 2251 2259 2255
19 2255 2259 2267 2263
20 2263 2267 2275 2271
2. 2271 2275 2283 2279
22 2279 2283 2291 2287
23 2287 2291 2299 2295
24 2295 2299 2307 2303
25 2303 2307 2315 2311
26 2311 2315 2323 2319
27 2319 2323 2331 2327
28 2327 2331 2339 2335
29 2335 2339 2347 2343
30 2343 2347 2355 2351

1 783 785 786 784
2 785 787 788 786
3 787 789 790 788
4 789 791 792 790
5 791 793 794 792
6 793 795 796 794
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7 795 797 798 796W) 8 797 799 800 /98 K)
9 799 801 802 800

1.0 801 d03 804 80?
11 803 805 806 804 ,
12 805 807 808 806
13 807 809 810 808
14 809 811 812 810
15 811 813 814 812
I 2114 2122 2126 2118
2 2122 2130 2134 2126
3 2130 2138 2142 2134
4 2138 2146 2150 2142
5 2146 2154 2158 2150
6 2154 2162 2166 2158
7 2162 2170 2174 2166
8 2170 2178 2182 2174
9 2178 2186 2190 2182

10 2186 2194 2198 2190
11 2194 2202 2206 2198
12 2202 2210 2214 2206
13 2210 2218 2222 2214
14 2218 2226 2230 2222
15 2226 2234 2238 2230
16 2234 2242 2246 2238
17 2242 2250 2254 2246
18 2250 22M8 2262 225419 2258 2266 2270 2262
20 2266 2274 2278 2270
21 2274 2282 2286 2278
22 2282 2290 2294 2286
23 2290 2298 2302 2294
24 2298 2306 2310 2302
25 2306 2314 2318 2310
26 2314 23?2 2326 2318
27 2322 2330 2334 2326
28 2330 2338 2342 2334
29 2338 2346 2350 2342
30 2346 2354 2358 2350

1 815 817 821 819
2 819 821 825 823
3 823 825 829 827
4 82"7 829 833 831
5 831 633 837 835
6 825 837 841 839
7 839 841 845 843
8 843 845 249 847
9 847 849 853 851

iC 85] 853 857 855
11 855 857 861 859
12 859 861 865 863
13 863 865 869 867
14 867 869 87 871
15 871 873 877 875
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1 2359 2363 2371 2367
2 2367 2371 2379 2375
3 2375 2379 2387 2383
4 2383 2387 2395 2 91
5 2391 2395 2403 .399
6 2399 2403 2411 A407
7 2407 2411 2419 2415
8 2415 2419 2427 2423
9 2423 2427 2435 2431

10 2431 2435 2443 2439
11 2439 2443 2451 2447
12 2447 2451 2459 2455
13 2455 2459 2467 2462
14 2463 2467 2475 2471
15 2471 2475 2483 2479
16 2479 2483 2491 2487
17 2487 2491 2499 2495
18 2495 2499 2507 2503
19 2503 2507 2515 2511
20 2511 2515 2523 2519
21 2519 2523 2531 2527
22 2527 2531 2539 2535
23 2535 2539 2547 2543
24 2543 2547 2555 2551
25 2551 2555 2563 2559
26 2559 2563 2571 2567
27 2567 2571 2579 2575

* 28 2575 2579 2587 2583 0
29 2583 2587 2595 2591
30 2591 2595 2603 2599

1 1007 1009 1010 1008
2 1009 1011 1012 1010
3 1011 1013 1014 1012
4 1013 1015 1016 1014
5 1015 1017 1018 1016
6 1017 1019 1020 1018
7 1019 1021 1022 1020
8 1021 1023 1024 1022
9 1023 1025 1026 1024

10 1025 1027 1028 1026
11 1027 1029 1030 1028
12 1029 1031 1032 1030
13 1031 1033 1034 1032
14 1033 1035 1036 1034
15 1035 1037 1038 1036

1 2362 2370 2374 2366
2 2370 2378 2382 2374
3 2378 2386 2390 2382
4 2386 2394 2398 2390
5 2394 2402 2406 2398
6 2402 2410 24J4 2406
7 2410 2418 2422 2414
8 2418 2426 2430 2422
9 2426 2434 2438 2430
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I

10 2434 2442 2446 2438u 11 2442 2450 2454 2446 3)
12 2450 2458 2462 2454
13 2458 2466 2470 2462
14 2466 2474 2478 2470 4
15 2474 2482 2486 2478
16 2482 2490 2494 2486
17 2490 2498 2502 2494
18 2498 2506 2510 2502
19 2506 2514 2518 2510
20 2514 2522 2526 2518
21 2522 2530 2534 2526
22 2530 2538 2542 2534
23 2538 2546 2550 2542
24 2546 2554 2558 2550
25 2554 2562 2566 2558
26 2562 2570 2574 2566
27 2570 2578 2582 2574
28 2578 2586 2590 2582
29 2586 2594 2598 2590
30 2594 2602 2606 2598

1 1039 1041 1045 1043
2 1043 1045 1049 1047
3 1047 1049 1053 1051
4 1051 1053 1057 1055
5 1055 1057 1061 1059
6 1059 1061 1065 1063
7 1063 1065 1069 1067
8 1067 1069 1073 1071
9 1071 1073 1077 1075

10 1075 1077 1081 1079
11 1079 1081 1085 1083
12 1083 1085 1089 1087
13 1087 1089 1093 1091
14 1091 1093 1097 1095
15 1095 1097 1i01 1099
1 2607 2611 2619 2615
2 2615 2619 2627 2623
3 2623 2627 2635 2631
4 2631 2635 2643 2639
5 2639 2643 2651 2647
6 2647 2651 2659 2655
7 2655 2659 2667 2663
8 2663 2667 2675 2671
9 2671 2675 2683 2679

10 2679 2683 2691 2687
11 2687 2691 2699 2695
12 2695 2699 2707 2703
13 2703 2707 2715 2711
14 2711 2715 2723 2719
15 271S 2723 2731 2727
16 2727 2731 2739 2735
17 2735 2739 2747 2743
18 2743 2747 2755 2751
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S19 2751 2755 2763 2759
3) 20 2759 2763 2771 2767

21 2767 2771 2779 2775
22 2775 2779 2787 2783
23 2783 2787 2795 2791 •,
24 2791 2795 2803 2799
25 2799 2803 2811 2807
26 2807 2811 2819 2815
27 2815 2819 2827 2823
28 2823 2827 2835 2831
29 2831. 2835 2843 2839
30 2839 2843 2851 2847

1 1231 1233 1234 1232
2 1233 1235 1236 1234
3 1235 1237 1238 1236
4 1237 1239 1240 1238
5 1239 1241 1242 1240
6 1241 1243 1244 1242
7 1243 1245 1246 1244
8 1245 1247 1248 1246
9 1247 1249 1250 1248

10 1249 1251 1252 1250
11 1251 1253 1254 1252
12 1253 1255 1256 1254
13 1255 1257 1258 1256
14 1257 1259 1260 125815 1259 1261 1262 1260* 1 2610 2618 2622 2614
2 2618 2626 2630 2622
3 2626 2634 2638 2630
4 2634 2642 2646 2638
5 2642 2650 2654 2646
6 2650 2658 2662 2654
7 2658 2666 2670 2662
8 2666 2674 2678 2670
9 2674 2682 2686 2678

10 2682 2690 2694 2686
11 2690 2698 2702 2694
12 2698 2706 2710 2702
13 2706 2714 2718 2710
14 2714 2722 2726 2718
15 2722 2730 2734 2726
16 2730 2738 2742 2734
17 2738 2746 Z/50 2742
18 2746 2754 2758 2750
19 2754 2762 2766 2758
20 2762 2770 2774 2766 0
21 2770 2778 2782 2774
22 2778 2786 2790 2782
23 2786 2794 2798 2790
24 2794 2802 2806 2798
25 2802 2810 2814 2806
26 2810 2818 2822 2814
27 2818 2826 2830 2822
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28 2826 2834 2838 2830 3)3) 29 2834 2842 2846 2838
30 2842 2850 2854 2846

1 1263 1265 1269 1267
2 1267 12f9 1273 1271
3 1271 1273 1277 1275
4 1?75 1277 1281 1279
5 1279 1281 1285 1283
6 1283 1285 1289 1287
7 1287 1289 1293 1291
8 1291 1293 1297 1295
9 1295 1297 1301 1299

10 1299 1301 1305 1303
11 1303 1305 1309 1307
12 1307 1309 1313 1311
13 !311 1313 1317 1315
14 1315 )317 1321 1319
15 1319 132i 1325 1323
1 2855 2859 2867 2863
2 2863 2867 2875 2871
.3 2871 2875 2883 2879
4 2879 2883 2891 2887
5 2887 2891 2899 2895
6 2895 2899 2907 2903
7 2903 2907 2915 2911
8 2911 2915 2923 291ý
9 2919 2923 2931 292710 2927 2931 2939 2935
ii 2935 2939 2947 2943
12 2943 2947 2955 2951
13 2951 2955 2963 2959
14 2959 2963 2971 2967
15 2967 2971 -979 2975
16 2975 2979 2987 2983
17 2983 2987 2995 2991
18 2991 2995 3003 2999
19 2999 3003 "3011 3007
20 3007 3011 3019 3015
21 3015 3019 3027 3023
22 3023 3027 3035 3031
23 3031 3035 3043 3039
24 3039 3043 3051 3047
25 3047 3051 3059 3055
26 3055 3059 3067 3063
27 3063 3067 3075 3071
28 3071 3075 3083 3079
29 3079 3083 3091 3087
30 308/ 3091 C.099 3095

1 1455 1457 1458 1456
2 1457 1459 1460 1458
3 1459 1461 1462 1460
4 1461. 1463 1464 1462
5 1463 1465 1466 1464
6 1465 1467 1468 1466
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ILI

7 1467 140 1470 1468
3) 8 1469 1471 1472 1470

9 1471 1473 1474 1472
10 1473 1475 1476 1474
11 1475 1477 1478 1476
12 1477 1479 1480 14/8
13 1479 1481 1482 1480
14 1481 1483 1484 1402
15 1483 1485 1486 1484
1 28:.8 ?866 2870 2862
2 2866 2874 2878 2870
3 2874 2882 2880 2878
4 2882 2890 2894 2886
5 2890 2890 2902 2894
6 2898 2906 2910 2902
7 2906 2914 2918 2910
3 2914 2922 2926 2918
9 2922 2930 2934 2926

10 2930 M938 2942 2934
11 2938 2946 2950 ?942
i2 2946 295t 2958 2950
13 29F4 296k 2966 2958
14 2962 2V70 2974 2966
15 2970 2978 2982 2974
16 2978 2986 2990 2982
17 2986 2994 2998 2990
18 2994 300AL 3006 2998
19 3002 3CI0 3014 3006 1
20 3010 3018 3022 3014
21 3018 3026 3030 3022
22 3026 303A 3038 3030
23 3034 3042 3046 3038
24 3042 30SO 3054 3046
25 3050 3058 3062 3054
26 3058 3066 3070 3062
27 3066 3074 3078 3070
28 3074 3082 3086 3078
29 3082 3090 3094 3G86
30 3090 3098 3102 >,094
1 1487 1-•39 1403 1491
2 1491 1493 1497 1495
3 1495 i497 1501 1499
4 1499 1501 1505 1502
5 1503 1505 1509 1507
6 1507 1509 1513 1511
7 15:1. 1513 1517 :515
8 1515 1517 15.21 1519
9 1519 1521 1525 1523

10 1523 1525 1529 352)
I1 1527 1529 1533 1531
12 1531 1533 1537 1535
13 1535 153D 1541 1539
14 153) 1541 154ý 1543
15 1543 1545 1549 1547
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269 270 302 301
.,2 301 302 334 333

3 333 334 366 365
4 427 429 430 428
5 428 430 462 461 .
6 461 462 494 493
7 493 494 W6 525
8 525 526 558 557
9 557 555 593 589

10 651 653 654 652
13 652 654 686 685
12 685 686 718 717
13 717 718 750 749
14 749 750 782 781
15 78i 782 814 813
11 875 877 878 876
17 876 878 9.0 909
18 909 qIO 942 941
19 941 942 974 973
20 973 974 1006 1005
21 1005 1006 1,038 1037
22 1099 1101 1102 1100
23 1100 1102 1134 1]33
24 1133 1134 1166 lIb5
25 1165 1166 1198 1197
26 119/ :198 1230 12?9
27 1229 12A0 !252 1261

* 18 1323 1325 13Ž& 1324
29 1324 1326 1358 1357
30 1357 1358 1390 1389 -

33. 1389 1390 1422 1421
32 1421 1422 1454 1453
33 1453 1454 1486 1485
34 1547 1549 1550 1546
35 1548 1550 [582 1581
36 1581 i582 1614 1613

1 269 3113 '3114 2.'U
2 3113 3117 >118 31.14
3 3117 3121 3122 31M8
4 3121 3125 3126 3122
5 3)25 3129 3130 3126
6 3129 3333 3134 3130
7 3133 3137 313? 3134
8 3 17 3141 3142 3138
9 3141 3145 314b 3142

10 3145 3149 31E0 3146
11 3149 3153 3154 3150 0
12 3153 3157 3158 3154
13 3157 3161 3162 3158
14 3161 3165 3166 3162
15 3165 3169 3P70 3166
16 3169 313 3174 3170
17 3173 3177 317? 317M
18 3177 3191 ';182 3178
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19 3181 3185 3186 3182
3) ?0 2185 3189 3190 3186

21 3189 3193 3194 3190
22 3`93 31.97 3198 3194
23 3197 3201 3202 3198
24 3201 3205 3206 3202
25 3205 3209 3210 3206
26 3209 3213 3214 3210
27 3213 3217 3218 3214
28 3217 3221 32?2 3218
29 3221 3225 3226 3222
30 3225 3229 3230 3226

1 3327 3331 3339 3335
2 3335 3339 3347 3343
1 3306 3314 3318 3310
2 3314 3322 3326 3318
1 3351 3355 3362 3359
2 3359 3363 3371 3367
1 3330 3338 3342 3334
2 3338 3346 3350 3342
1 3375 3379 3387 3383
2 3383 3387 3395 3391
1 3354 .3362 3366 335P
2 3362 3370 3374 3366
1 3399 3403 3411 3407
2 3407 3411 3419 3415
1 3378 3386 3390 3382
2 3386 3394 3298 3390 -1 3423 3427 3435 3431
2 3431 3435 3443 3439
1 3402 3410 3414 23406
2 3410 3418 3422 3414
1 1615 1616 - 1620 1619
2 1616 1617 1621 1620
3 1617 1618 1622 1621
S3319 3327 3324 3320
2 3320 3324 3325 3321
3 3321 3325 3326 33.?2
1 1963 1864 1868 1867
2 1861, 1865 1369 1868
3 1865 1866 1870 1869
1 3343 3347 3348 3344
2 3344 3348 3349 3345
3 3345 3349 3350 3346
1 2111 2112 2116 2115
2 2112 2113 2117 2116
3 2113 2114 2118 211',
1 33067 33ý1 3372 3368
2 3368 3372 3372 3369
3 3369 3373 3374 3370
1 2359 2360 2364 2363
2 2360 2361 2365 2364
3 2361 2362 2366 2365
1 3391 3395 3396 1392
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26
' '2 3392 3396 3397 3393

3 3393 3397 3398 3394
1 2607 2608 2612 2611
2 2608 2k09 2613 2612
3 2609 2610 2614 2613
1 3415 3419 3420 3416
2 3416 3420 3421 3417
3 3417 3421 3422 341.8
1 2855 2856 2860 2859
2 2856 2857 2861 2860
3 2857 2858 2862 2861
1 3439 3443 3444 3440
2 3440 3444 3445 3441
3 3441 3445 3446 3442
1 119 271 272 120
2 271 303 304 272
3 303 335 336 304
4 367 368 370 369
5 368 431 432 370
6 431 463 464 432
1 3319 3323 3324 3320
2 3320 3324 3325 3521
3 3321 3325 3326 3322
1 463 495 496 464
2 495 527 528 496
3 527 559 560 528
4 591 592 594 593

* 5 592 655 656 594
6 655 687 688 656
1 3343 3347 3348 33.•4
2 3344 3348 3349 33.'5
3 3345 3349 3350 3346
1 687 719 - 720 638
2 719 751 752 "2U
3 751 783 7834 152
4 815 816 318 317
5 816 879 F80 31a
6 879 911 912 880
1 3367 3371 ,372 3368
2 3368 3372 ,373 3369
3 3369 3373 5374 3370
1 9ii 943 944. 912
2 943 )75 976 944
3 975 1007 1008 376
4 1039 1040 1042 1041
5 1040 3103 1104 1042
6 1103 11135 1136 1104
1 3391 3395 3396 3392
2 33Q2 3Z96 3397 3393
3 3393 33Q7 3398 3394
1 1135 1167 1168 1136
2 1167 1i99 1200 1168
3 1199 1231 1232 1200
4 12E1 12t4 1266 1265
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5 1264 1327 1328 1266
3) 6 1327 1359 1360 1328

1 3415 3419 3420 3416 5
2 3416 3420 3421 3417
3 3417 3421 3422 3418
1 1359 1391 1392 1360
2 1391 1423 1424 1392
3 1423 1455 1456 1424
4 1497 1488 1490 1489
5 188 1551 1552 1490
6 1551 1583 1584 1552
1 3439 3443 3444 3440
2 3440 3444 3445 3441
3 3441 3445 3446 3442
1 3233 3235 3236 3234
2 3234 3236 3238 3237
3 3237 3238 3240 3239
4 3239 3240 3242 3241
5 3241 3242 3244 3243
6 3243 3244 3246 3245
7 3245 3246 3248 3247
8 3247 3248 3250 3249
9 3249 3P50 3252 3251

10 3251 3252 3254 3253
11 3253 3254 3256 3255
12 3255 3256 3258 3257
13 3257 3258 3260 3259
14 3259 3260 3262 3261 0
15 3251 3262 3264 3263
16 3263 3264 3266 3265
17 3265 3266 3268 3267
18 3267 3268 3270 3269
19 3269 3270 3272 3271
.O 3271 3272 3274 3273
21 3273 32-14 3276 3275
22 3275 3276 3278 3277
23 3277 3278 3280 3279
24 3279 3280 3282 3281
25 3281 3282 3284 1233
26 3283 3284 3?86 3285
27 3285 3286 3288 3287
28 3287 3;288 3290 3289
29 3289 3290 3292 3291
30 3291 3292 3,194 3293
31 3?93 3294 3296 3295
32 3295 $Ž96 3298 329W
33 3297 3298 3300 3299
34 3;?99 3300 330? 3301
1 34,1 34148 3459 3458

J448 3449 3460 3459
3 3449 .3450 316] 3140
4 3450 3451 3462 3461
5 3451 345? 3463 )46-
6 345 3453 344 61 3463
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7 3453 3454 3465 3464 ,
8 3454 3455 3466 3465
9 3455 3456 3467 3466

10 3156 3457 3468 3467
1 3303 3307 3315 3311
2 3311 3315 3323 3319
1 81 83 84 82
2 83 85 86 84
3 85 87 88 86
4 87 89 90 88
5 89 91 92 90
6 91 93 94 92
7 93 95 96 94
8 95 97 98 96
9 97 99 100 98

10 99 109 110 100
11 109 119 120 110
12 119 241 242 120
13 241 243 244 242
14 243 245 246 244
15 245 247 248 246
16 247 249 250 248
17 249 251 ý52 250
18 251 253 254 252
19 253 255 256 254
20 255 257 258 256
21 257 259 2 258 0
22 259 261 26? 260
23 261 263 264 262
24 263 265 266 264
25 265 267 268 266
26 267 269 270 268
1 1583 1585 1586 1584
2 1585 1587 1588 1586
3 1507 1589 1590 1588
4 1589 1591 1592 1590
5 1591 1593 1594 1592
6 1593 1595 1596 1594
7 1595 1597 1598 1596
8 1397 1599 1600 1598
9 1599 1601 1602 1600

10 1601 1603 1604 1602
11 1603 ".60! 1606 1604
i2 1605 1607 1608 1606
13 160? 1609 1610 1608
14 1609 1611 1612 1610
in 1612 1613 1614 1612
16 3426 3434 3438 3430
17 3434 3442 3446 3438

'3513 3515 3519 3517

C.. .AAE ACCELERATION IN z-DIRECTION ------------- - *

1 9,.810F+0t
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A*

*------------------------ NONREFLECTING BOUNDARY SEGMNFNIS -------------------- *

1 1 2 4 3
4 2 2 41 42 4

3 41 61 62 42
4 61 81 82 62
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D. DEFORMED WALL GFOMLTRIES

The deformed shape of each wall analyzed in the numericsi study (except for

PSI which is shown in Volume A, page 137) is presented in Figures 93-106. The 4

time at which the deformed mesh is shown varies from 0.41 to 1,0.3 seconds due to

differences in the length of time it took for each wall to stoD moving.
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Figure 93. Deformed Shape ot Mesh at 0.46 Seconds

Analysis PS2 (week reinforcement).
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Figue 94 Deorme Shpe o Meh at0.4 Secnds

AnalsisPS3 strng rinfrcemnt)
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Figure 95. Deformed Shape of Mesh at 0.41 Seconds-

Analysis PS4 (short. reinforcement).
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Figure 96. Deformed Shape of' Mesh at 0.43 Seconds-

Analysis PS5 (no roof).
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Figure 97. Deformed Shape of Mesh at 0.41 Seconds--

Analysis PS6 (197 lb @ 20 ft).
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Figure 98. Deformed Shape of L~esh at 0.31 Seconds-

An~alysis PS7 (500 lb @ 10 ft).
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Figure 99. Deformed Shape of Mesh at 0.41 Seconds-

Analysis PS8 (500 lb @ 20 ft).
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Figure IO.). &eformied Shape cft Mesh at 0.41 Secor~ds•-

Analysis P,}9 (500 1b @ 40 ft).
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Vig'ure 101. Jeformncd Shape of Mesh at 0.41 Seconds-*

Anialysis PSIB (weapon @ base).
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ITTF

FigurcE W3. Deformed Shape of Mesh at 0.41 Seconds-

Analysis PSIS (low intea-face frict'on).
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Figue 14. efomed hap ofMes at .41Secnds

AnalsisPSIW(lo sol stffnss)
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Figue 15. efoimedShae ofMes at0.41Secnds
Anlss4PI(ihsolfito nl)
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Fig§ure 106. Deforme,' Shape of Mesh at 0.41 Seconds-

Analyzsis PSIP (3 facing panels).
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APPENDIX C

X)g

PHYSICAL MODELING

A. INTRDUC 
rTION

App(t C contains a compilation of resistor, pressure gage, and

accelerometer data collected and photographs taken throughout the centrifuge

testin : '"ogram. Appendix C is organized as follows:

" acceleration- , voltage-, and pressure-time histories for the centrifuge

testing program are presented in Section B.

" model construction sequence, pre-shot and post-shot photographs of the

reinforced soil walls for selected tests are presented in Section C.

B. INSTRUMENT DATA

Acceleration-time histories for panels T6, M6, and B6 are presented below for , S

all production tests. Peak panel accelerations were read directly and blast

wave velocities were calculated from these plots. Voltage-time histories for the

replicate testing are presented. Peak pressures and blast wave velocities were

calculated from these plots. Pressure-time histories for the two pressure gages

used in the replicate tests are presented. Peak pressures were read directly and

blast wave velocities were calculated from these plots.
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!i

4"

TRIGGER

G's

S...........................

Time x 10-3 4.600808

T•ME (---) .080590 SEC/DIU)

A-1 TRIMER OCCURRED 14.S61828 SECONDS AFTER START
LEGEND: 24 APR 92

A-1

Time= .W83432 G's =-2289.012939

Figure 107. Acceleration-Time History: Test 1, Panel T6.
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I

II

TRIGGER

4 9 90 . " . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .:. . . . . . . .

S.......... ......... .. . . ....

G's

S.. . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . i . . . .

-169 - - I 4.6 0 1

-490999 Ti~e X 19-3 4o 69009I

TIME --- ) ( .990589 SEC/DIU)

A-? TRIGGER OCCURRED 14.561828 SECONDS AFTER START
LEGEND: 24 APR 92

A-2

Time= .083548 G's =-1514.26208S

Figure 108. Acceleration-Time History: Test 1, Panel M6.
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TRIGGER
2 0 0 . . . . ... . .. . . . . . . . ... . . .. . .. .. . .. . . . . . . . . .. . . . . . . . .. . . . .. . . .. . . . . . . ... . . . . . . . .

C's$

*

Time x 10-3 4,608999

TIME --- > ( .000599 SEC/DIU)

A-3 TRIMER OCCURRED 14.56182M SECONDS AFTER START
LEGEND: 24 APR 92

Time= .003460 G's =-2377.848088

Figar., 109. Acceleration-Time History: Test 1, Panel B6.
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IL9

4"

TRICGER

.. .. ........ ... .

-I 4.69999-. •i 00 00Time x 10 -3 4 , 6 00 990

TIME --- > ( 9009580 SEC/DIU)

A-1 TRIGGER OCCURRED 18.123856 SECONDIS AFTER START
LEGEND: 27 APR 92

A-1

Time- .880446 G's =-4485.256836

Figure 110. Acceleration-Time HKstory: Test 2, Panel T6.
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• 8 0 0 . . . . . . . . . . . . . . . . . . .. .. . . . . . . .. . ... . . . .. . .. . ... . . . . . . . . . . . . . .

14

.%gos 4.690-

Time x 104.6999

TIME --- ) ( .0095CB SEC/DIVJ)

A-2 TRIGGER OCCURRED 18,1230S6 SECONDS AFTER START
ID;EHD: 27 APR 92

A-2

Time= .006536 G's =-3370.864582

Figure 111. Acceleration-Time history: Test 2, Panel M6.
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TRIGGER
4000 .. "..

G' S

- •0swd TiM x 10'-3 4.60008

TIME 0---) 999500 SEC/DIV)

A 3 TRIGGER OCCURRED 13.123056 SECONDS AFTER START
LEGEND: 27 APR 92

A-3

Time= .0880582 G's =-5458.19775'

Figure 112. Acceleration-Time History: Test 2, Panel B6.
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4

AML

TRIGGEA

S . Q . . . .. . .. .. . . .. . . .. . . . . . . . . . . . . . . . . . .. . . . . . . . .

. . . . ... i.. . . . . . .. . . .i .. .. . .. .. . . . . . . . . . . . . ..; . . . . . . .. .
- - i. . . !FAILED GAGE

......... - -- -

.Time x 10--2 1.219000

TIME --- > .991259 SrC/D[U)

A-I TRIGGER OCCURRED 15.528182 SECONDS AFTER START
LEGEND: 29 APR 92

A-i

Time= .6081382 G's = 26150.626903

Figure 113. Acceleration-Time History: Test 3, Panel T6.
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3 ° .T ...., .........., ....... .....................,. .......,. ..., ........
,,r . .... ..* .. ..

T1R W9-2 2 . 1. 9 I

08 i -

T Tipe x1@_
TIME --- > ( .002152 SEC/DIV)

A-2 TRIGGER OCCURRED I.5286102 SECONDS AFTER START
LEGEND: 29 APR 92

A-2

Time= .80058 G's =-1690.922241

Figure 114. Acceleration-Time History: Test 3, Panel M6.
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TRIGGER

-499

TIME•-- .920 oe e SEC/DIU)
A-3 TUIM®iR OCCRRED 15.5201.02 SECONDS AFTER START

LE-GEND: 29 APR 91

A-3

Time= .W518 Gs =--39.5.21923 9

Figure 115. Acceleration-Time HistoryA Test 3, Panel B6.
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TRIGGER,

4699 ..... ...
4 Q B O . . . . . .. . . . . . . . .. . . . . . . . . . . .. . . . . . .. . . . . . . .. . .. . .. . . . . . . . . . . ...

G s

04 89 9 a Tine x 1@ -3 4.99600

T NEE---) ( ,990501A SFC/DIU)

A-1 TRIGGER O,.CtIh•7 .D 18.174t,28 SECONDS AFTER START
LEGEND: I NAY 92

A-1

Time,= W,8 64 GCs :-"4392.482281

Figure 116. Acceleration-T'me History: Tcst 4, Pattel 16.
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A

i

rt

TRIGGER

2989

G' s

..... .......

-8999- ------
Time x 1@ 4 99600

TIME --- > ( .06,0500 SEC/DIU)

A-2 TRIGGER OCCURRED 18.174i28 SECONS AFTER START
LIEEND: I MAY 92

Time= .8WE544 G's =-2887.743896

I|

Fiqure 117. Acceleration-Time History: Test. 4, Panel M5.
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r0

S..... ~ .' .... .. .... ........ ..i ... ........ ..

0 -

- oq4e8•( Ti Poe x I@

TIMF ---- > ( .008500 SEC/DIV)

A-3 TRIGGER O€CCJRRED 10.174528 SECONDS AFTER START
LEGEND: I my 92

Time= .880498 G's =--4484.936835

Figure 118. Acceleration-lime History: lest 4, Panel 66.
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r

TRIGGERI-

T Ti qe x AID-3

TIME .... 0> ( ,99500 SEC/DIU)

A-1 TRIGGER OCCURRED 15.773O81 SECONDS AFTER START
LEGEND: 5 MAY 92

A-1 m

Time= .860482 G's =-2694.229736

Hiure 119. Acceleration--Time Histovy: Test 5, Panel T6.
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3)

4

TRIGGER

4 9 9 . I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

CTM s

-1 690-. TiMe x 1@ 4.188000

TIME --- > ( .004220 SEC/DIU)

A-2 TRIGGER OCCURRED 15.773881 SECONDS AFTER START
LEGEND: S MAY 92

A-2

Time= .888629 G's =-1592.102173

Figqur 120. Acceleration-lime History: 'est 5, Panel M6.
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TRIGGER

2 g ~ g . . .. . . . . . . . . . . . ... . . . . . . . .. . . . . . . . . . . ... . . . . . . . . . . .. . . . . . . . . . . . . ..

:,

-. 4 8O •0Time'x 16 -3 4.6 O0 080

T 11E ... > ( .900502 SEC/DIU)

A-3 TRIGGER OCCRRED 15.77381 SECONDS AFTER STRT

LEGEND: 5 MAY 92
A-3

00

Tiei.8852e X=279.133

Figure 21. Ace eato--> me .90st5ry Sest ,DPnell6
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, °,

TRIGGER

C, S

...... .. .....

48000 Ti me x 10-3 4.600000

TIME --- > ( .000500 SE(:/DIU)

A-1 TRIGGER OCCURRED 15.225677 SECOMDS AFTER START
LEGEND: 6 MAY 92

A-1

Time= .000474 G's -- 2260.80B379

Figure 122. Acceleration-Time History' Test 6, Panel 16.
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X,

4

TRIGGER

1000

TIM',E . . ( ,,000500 ýElc /D f U )UXER - aRE

A-2 TIIEA OCCURRED I 256?7 SECONDS AFTER START
LEGEND: W MAY 92

Time= .00OS74 G's =-1339.561760

Figure 121, Accel2ration-limc History: Test 6. Panel M6.
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,•n,

4

T H I 1.GER

48j
C, s

000000 Time x 110 4. 600000

A-3 TRIGGER OCCURRED 15.22!677 SECON1DS AFTER START
LIEEND: 6 MlAY/ 92

Ti.e= .000438 G's =-3S78,531"38

Figure 124. Acceleration-Time History: rest E, Panel B6.
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X,

TRIGGER
4010. "...... I -.-- ......... I I......... ...... . I .I .ý.I ...

G" S

. .. .. . . . . . .. .. . ,

{p

-699. i
Time x 4.690009

TINE ... > ( .800509 SEC/DIU)

A-i TRIGGER OWCXJRRED 16.368368 SECONDS AFTER START
LUPEND: 8 MY 9?

A-i

Time= .011188 G's =-446.918126

Figure 125. Acceleration Time History: Test 7. Panel 16.
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X,

TRI GGER
20 9 . -. .... .

-800

S"

Time x x 0-3 4.60000

TIME .. > ( .000500 SEC/DIU)

A-2 TRIGGER OCCURRED 16.368360 SECONDS AFTER START
LEGEND: 8 MIAY 92

Time= .068844 G's =-581.94797%

Figure 126. Acceleration-lime History: lest 7, Panel V6.
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S N

TRIGGER

see.

G's

B O • .• .......... .....

S.. . . . . .. . . . i .. . . . . . . . . . . . . . . . . . . . . . . . . . .

-12:0. 0 0 0-.. -- . , _ o . , , ---
* Tie x 10-3 4.600009

TIME .. > ( .098500 SEC/DIU)

A-3 TRIGGER OCCURRED 16.360368 SECONDS AFTER START
LEGEND: 8 MAY 92

A-3

Time= .880724 G's =-1130.062622

Figure 127. Acceleration-lime History: Test 7, Panel B6.
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TRIGGER

C •, --

ZI
* ____

-40-
-,TiM xI.- 4.6000

T1ME .... - ( .000590 SEC/DIU)

A-4 TRIGGER OCCURIRED 24.589182 SECONDS AFTER START
LEGIAD: 13 MlAY 92

A-IL

Tipe: .i ON902 G's 7--ZB82.914948

iqur 1`8 A( . krat ion Im Hi stor v: Teo 8, IParir] H).



I

TRIGGER [

5 . .. .... . . . . . . . . . .... . .. . . . . . . . . . . . . . .

II

x

14

FAILED GAGE

i . . . . . . . . . . . . . . . . . . .! . . . . . . . ; . . . . . . .. . . . . . .. . .. . . . . . . .

Time x 1.0 4.600000

11ME ... 090.509 SEC/DIV)

A-2 TRIGGER OCCURRED 24.589182 SECONDS AFTER START
LEGEND: 13 MAY 92

FAILED BEFORE SHOT

Time= .081488 G's = 20071.46679?

I,

Figure 129. Accdelentior' Tme History: Test F, Panel NO.
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I) )

4r

TRIGGER

8 0 . T . ...

G's { ................
Time x 9T4600

TIME ... ( .000500 SEC/DIU)

A-3 TRIGGETVOCCURRED 24.589182 SECONDS AFTER START
LEGCEND: 13 MAY 92

A-3

Time= .000724 G', -- 835775513

Figure 130, Acceleration-Time History: Test, 8, Panel B6.
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MD

r I

TRIGGER

6 e • . . .: . . . . . . . . . . . . . . .. . . . .. . . . . . . . .. . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . ..

C, S

- .• g O G• e T m e' x 1 -34 .6 0 0 0 0 0

TIME .... ( .0I0580 SEC/LIV)

A-1 TRIGGER OCCURRED 25.931469 SECONMS AFTER START
LEGEND: 15 MAY 92

A-1

Time: .008312 G's =-3907.271484

Figure 131.. Acceleration-Time History: Test 9, Panel 16.
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r

TRIGGER

2V0 .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

2900

Time x 10- 4600000

TIME .. - C .00050O SEC/DIV)

A-2 TRIGGER OCCURRED 2S,931469 SECONDS AFTER START
LEGEND: IS MAY 92

A-2

Time= .008344 G's =-?378.569824

Figure 132. Acceleration-Time History: Test 9, Panel M6.
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TRI GCE

8 .. . . . . . . . .. . . .... .... .............................

G'

4

t|

-1.2p
-4 U Time x 1@- 4.600000

TIME --- > ( .099500 SEC/DIU)

A-3 TRIGGER OCCURRED 25.931469 SECONDS AFTER START
LEGEND: 1 MAY 92

A-3

Time= .008326 G's =-10876.B52539

Figure 333. Acceleration--iimne Historyy. lest. 9, Panel B6.
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X)

r x

, i

S/l .... .

If

o•BOE@BB ~ri~ex×.H46BOO

TIME .... 6 ( SEC/DIU)

R2 TRIGGER OCCURIED 8.6217HH SECONDS AFTER START
LEGEND: 29 JUL 1/8 U P 2.5"

R2

Time=- .H80085 mV --. 292969

Figure 134. Voltage-Time History: Replicate Test- Gage at 2-5 in.
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ii

T '.io T i e x .1 -0

TIME --- > .000060 SEC/DIU)

R3 TRIGG•ER OCCURRED 8.621700 SECONDS AFTER STARTI1EGEND2 29 JUL 1/8 W P 3"
R3

Ti me= .080078 0 mV=-3.222.656

figure 135. Voltage-Time History: Replicate Test- Gage at 3.0 in.
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-30 .. eg ~ g "--- ---- '-*- • - • -' ....- • 4•-- - • --- ~--- '- '-

* 6. . . I

TIME ... > ( .00G9360 SEC/DiU)

R4 TRIGGER OCCURRED 8.6217HO SECOlDS) AFTER START
LEGEND: 29 JUL 1/B W P 5)

R4

Time= .00150 mW =-.073242

Figure 136. Voltage-lime History: Replicate Test- Gage at 4.1 in.
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TIME ---- > ( .•9GI(b4 •FC/I'1U)

R4 TRIGGER OCCURRED 0.621700 ,•E,(OII),, (FTER S'faRT
LEGEtID: 29 JUL 1/0 U P !;

R4

Tig'e: .0Afl1S8 MV :-073242

Figure 137/. Voltage-Time Hlistory: Replicate Test-- Gage at 5.0 in.
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mu
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-8.09----
0-0 a@ 00 T i to '- -

TIME ..-. > ý .909 40 SEC/I)JU) j
Rs TRIGGER OCCURRED 8.b6z76a SECONDS AFTER OTART

i.EGEMID: 29 JilL VjO W P 7"
115

Timc7 08B0273 mU =--.136719

Figure 138. Voltage-Time History: Replicate lest- Gage at. 7.0 in.
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Pti t

-II . (a Time x 10-4 ). 2 (WWO

TIME ..... __ F.60 SEC/DI )

_IR ThWGE OCCURRED 8.621700 SECO1ýJ):j: 1,: , ,il: •<iRT
LEUEND: 29 JIL 1/8 t P C"

Ri

'lierlw .13"?i7 mV --. 302734

Figure 139. Voltage-Time History: Replicate Test- Gdge at 8.0 ir.
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4.00

4 . .-.. . . . . . . . . .... . . . . . .. . . . .. . . . .. . . . .

......... ........ .. ................ .
Tiex 6.@-

1IlE --- > ( .900060 SEC/DILU)

R7 TRIGGER OCCURRED 8.621708 SECONDS AFTER START
LEGEND: 29 JUL 1/8 U P 8.5"'

R7

Time= .000366 W --. 20S0"1

Figure 140. Voltage-lime Histor,": Replicate lesl Giaq)e at 8 5 in.
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40. 4
....... .. ... ... .....

iI

04

" .0 • 0 Q 0 0 9~ ~ T i m 1 0 - 4 6 • l 4

TIME - .000060 SEC/D)IV)

R6 TRIGGER OCCURRED 8.62176e SECONDS AFTER{ START
LEGEND: 29 JUlL 1/8 WJ P 9"

R6

Time= EM0428 mV = 19.-023438

I i(JUre 141. Vo Jtaqe - Iime Hist ory - Rep Ii cat• e wt Ga at 9.0 Ill.
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PSI - SATURATED GAGE
PSI

* 0

.•SggO ipe x 1pp-4 6.•000@00

T I E ..... C QM. 0060 SEC/DIU)

49 TRIGGER OC-ORRED 8.6710 SECONDS AFTER START

IYGEND: 29 11.L 'RE•S3IRE GAGE 9 4"
Sl

Time- .HMIF32 PSI 1-.345197

1iqucre 142. Pre',sure Time History: Repl icat e Test (Gaqe at 4.0 in,
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4 0 0 - . . . . . . ... .. . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .

PS I

. . .-.. . . . ... . . . . . . . . . . .

1.009080 T i ee x ie" 4.ee

TIME --- > ( .000060 SEC/DIV)

FF2 TRIGGER OCCURRED 9.729735 SECONDS AFTER START
LEGEWD: PRESSURE GAGE @ 8.5

FF2

Time= .B084O5 PSI = 229.210999

Figure 143. Pressure-Time History: Replicate Test- Gage at 8.5 in.
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B: PHOTOGRAPHS

Fiqures 144 162 present the *construction sequence "or preparat ion of a

reinforced soil wall. Figures 163 - 169 present post-shot deformations of select.

walls.
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Figure 156. Fifth Levee of Reinforerncnl
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Figure 157. Third Level of Instrumentation
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Figure 161, Wired Detonator and Top Restraint
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Figure 164. Test 5- Def6rrnwd WalI
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